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ABSTRACT 


Three diallel apse populations of alfalfa (Medtecago 
sattva L.) were created from thirteen clones which were 
random selections from thirteen cultivars from widely 
different origin. Of the three populations, two consisted 
of Fis with reciprocals (7-~clone and 5-clone diallels) while 
the third was made up of Fis only. (o-clone dialilel)~: The 
material was planted in Edmonton and studied for various 


agronomic and morphological characters between 1972 and 1974. 


Genetic variability for all the characters was appre- 
ciable. Most of the genetic variation was due to the additive 
gene action since the variance for general combining ability 
(GCA) was generally larger than the variance for specific 
combining abriLey (SCA). (hor tOrage yield, vigor, plant 
height and days to flower, the results obtained in the 
Ssecona Year dre expected tO be;more UsertuL ror selection 
purposes than those observed in the year of establishment. 

For frost tolerance, the selection of tolerant genotypes 
sliculG@ De erfecturve in “che year O1 establishment. Appreciable 
genetic variability was found for leaflet area and specific 
leaf weight (SLW) at the early bud stage. Although 

ee ae could change the expression of these two characters 
the practical value of such an approach was questioned since 


neither character was correlated with forage yield. 
Strong genetic correlations were found between forage 
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yield, vigor, frost tolerance and growth habit. Generally, 
plants with higher forage yield also had good spring vigor, 
frost tolerance and winter survival. Such plants also had 
poor fall vigor and a prostrate growth habit. However, a 
number of F,.s were found which were good in both spring and 


uk 


Pole vigor. Further, there were also some Fis which 
combined good fall vigor with frost tolerance and winter 
Survival. Such recombinations of characters suggest that 
the genetic associations were not due to linkage or pleio- 
trophy, but was the result of selection. Therefore, a 


selection program that utilizes the recombination of 


characters would be successful in regrouping these characters. 


Generally, clones selected from adapted cultivars 
produced progenies eo erere higher in forage yield, better 
in frost tolerance and good in winter survival. Therefore 
clones selected Pron "Rambler', 'Roamer',-'Beaver', 'Grimm' 
and 'Narrangansett' would be of value as parents for synthe- 
tics. Results from the five-clone and two-clone experimen- 
tal synthetics, which involved this genetic material, 
indicated that such an approach would result in the develop- 
ment of higher yielding strains. The value of using a wider 
range of material for this area was also demonstrated by 
the high yields obtained from eleven Fis. inthis case, the 
parental clones were selected from a divergent range of 


cultivars of both Canadian and foreign origin. 


Differences in general stability, as described by the 
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regression coefficients of the average performance of the 
clones on the environmental index, were large. Such 
differences were less for the PLS. Thus the regression 
cori iicvents were intluenced by the variation due to the’ 
additive gene action rather than the non-additive gene 
action. Hence, general stability is genetically controlled 
and should change in response to selection. Specific 
instability, as measured by the deviation from the 
regression line, was also useful in selecting for stability. 


A number of genotypes in this study showed promise for 


synthesizing a stable cultivar for use in this area. 
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I. INTRODUCTION | 


Most cultivars of alfalfa (Medicago sativa L.) are 
produced as synthetics in which a limited number of parents 
are allowed to cross-pollinate in isolation. Because the 
performance of synthetic cultivars is dependent on various 
factors, the choice, of Suitable parents is difficult. In 
Western Canada, a major consideration has been winter 
survival, disease resistance and a good yield of suitable 
quality forage. in their search for winter survival and 
disease resistance, plant breeders placed considerable 
emphasis on the use of Medtcago faleata L. Such a priority 
often excluded the use of genetic materials of good forage 
yield potential but of little value for winter survival and 
diseasé resistance. Since the expression of heterosis 
depends on the use of divergent germ plasm, and also since 
the performance of multi-clone synthetics relies on the use 
of unrelated parents, the possibility of utilizing a wider 
range of materials in Western Canada should be considered. 
The cultivars 'Rambler', 'Roamer' and 'Drylander' were 
produced for use under the dryland conditions at Saskatoon 
and Swift Current. In view of the fact that such conditions 
of extreme dryness were seldom experienced in Edmonton, or 
in certain other parts of Western Canada, the possibility 
of foine a wider range of genetic material to produce a 
cultivar suitable for use in these areas called for further 


study. 
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The objectives of this study were: 

to sunvey the value of an extensive range of genetic 
ee eian under the conditions prevailing in Edmonton, 
to investigate the combining ability of random 
selections from these cultivars, 

to study the interrelationship of various agronomic 
and morphological characters, and 

to evaluate the possibility of introducing selection 
for environmental stability to the production of 


alfalfa cultivars for use in Western Canada. 
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Ii. LITERATURE REVIEW 


Lo iGombining abiitty.,. The value..of an alfalfa clone 
as a parent for commercial cultivars is determined by two 
factors: (1) the characteristics of the clone itself with 
respect to its yield potential, palae fe resistance, winter 
survival and ere and (2) the behaviour of the clone in 
combination with other clones. The first factor could be 
attained by selection while the second could be realized by 
a progeny test (e.g. testing in terms of its combining 
ability). Clones selected should possess the desirable 
traits as well as superior combining ability for each of 


these characters. 


Combining ability has been used as a method for 
selecting superior clones of alfalfa by Tysdal et al. (1942) 
and Bolton “(1948).5) Ltsuuse fom evaluating forage grasses 
has been reviewed by Hanson and Carnahan (1956), and for 
corn and «other “erops by Hayes et al... (1955)... Sprague and 
Tatum (1942) drew attention to the practical value of 
general and specific combining ability as a means for 
selecting potential parents in corn. According to them, 
general combining ability (GCA) ee defined as the average 
performance of a line in hybrid combination, while specific 
combining ability (SCA) was used to designate those cases 
in which combinations do relatively better or worse than 


could be expected on the basis of average performance of 
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the lines involved. Owing to the way in which these two 
parameters were calculated, the GCA variance ea describes 
the additive gene action while the SCA variance (o.) refers 
to dominance and epistasis as well as genotype x environment 
interactions (Rojas and Sprague, 1952). Sprague and Tatum 
(1942) also pointed out that in a population unselected for 
combining ability, genes with additive effects were either 
more common or produce greater effects than genes with 
dominance or epistatic effects. However, in previously 
selected materials, genes with dominance or epistatic effects 
were as important, or more important, than genes with addi- 
tive effects since the selected lines have a higher degree 
Of Usimilagi ty in (performance thaanethe, original population. 
The relative importance of additive gene action to dominance 


OG epistasis could) be, determined by pthe rato. of. GCA.to,y SCA 


variances. 


In the last decade or so there have been increasing 
reports in the literature on GCA and SCA tests for clones 
based on diallel crosses of alfalfa. In general these 
results supported the conclusion reached by Sprague and 
Tatum (1942) and showed that the relative importance of 
these two sources of variation depended on the nature of 
the parental clones used. In most diallel crosses of alfalfa 
in which the parents have not undergone selection for their 
combining ability, the variance for GCA was more important 


than the variance for SCA (Carnahan 27 «al. pL 9GO ng DudLley,, 
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1963; Theurer and Elling, 1963; Davis and Gartner, 1966). 
On the other hand, for parents that have been selected for 
their combining ability, ae kpcted aac for SCA was more 
important than the variance for CCA (Evans et al.,1966; 
Kenn, £960; Sangh and hesins; [971))" Both’ types) of results 
are of practical value. Parents identified: on the basis of 
superior GCA effects could form clones for the production 
of multi-clone synthetic cultivars of alfalfa. Also, any 
two parents that consistently exhibited high SCA effects 


could be used as parents for two-clone synthetics. 


While selected clones provide an immediate basis for 
experimental synthetics which may ultimately be commercial 
cultivars, there is a need for critical studies to determine 
the nature of gene action for various quantitatively 
inherited trades. This would pave the way for the develop- 
ment-and use Of the mose efricient "precding System for ‘each 
character. In this regard there are two areas in which very 
little work has been done. These are characters that relate 
to survival or fitness, and those that indicate the photo- 


synthetic rate of the alfalfa plant. 


Various workers have assessed plant height, vigor and 
growth habit to describe the combining abilities for these 
traits. Dudley et al. (1969) measured plant height, spring 
and fall growth habit, as well as recovery after cutting, 
alent: population of 'Cherokee' alfalfa. They found a 


relatively greater variance of GCA to SCA for these characters. 
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Davis and Gartner (1966) evaluated an eight-clone diallel 
cross population of alfalfa and reported that the GCA for 
recovery after cutting, seedling height and plant weight 
were Significant and more important than SCA. Likewise, 
greater GCA effects were obtained for growth habit and 

vigor by ‘Carnahan et al. (1960), Wilcox and Wilsie (1964), 
Dudley (1963) and Evans et al. (1969). Studies on the gene 
action (in terms of combining ability) for winterhardiness 
and stand persistence were comparatively limited. In 
Western Canada winter-killing is a common phenomenon in an 
alfalfa stand and the selection for winterhardy strains 
should be given priority over forage yield. Elling et al. 
(1960) found the GCA variance for winterhardiness was six 
times that for SCA, although both variances were highly 
Significant. Pearson and Bliing .(1961) obtained significant 
SCA for winterhardiness and significant GCA for persistence. 
Thoue errand Elling (1962) showed that GCA was more important 
than SCA for both winterhardiness and persistence, and that 
these variances were Significant. The above results pointed 
to the substantial additive gene action for these characters. 
The selection of desirable genotypes for these traits by 


means of simple mass selection would be effective. 


The photosynthetic rate of the leaves is of interest 
in a breeding program in which the objective: is to increase 
the yield potential. Theoretically, an increase in the 


photosynthetic rate of individual leaves can be expected 
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to improve crop yield. Pearce et al. (1969) reported that 
the high yield of two alfalfa populations might have been 

a result of high specific leaf weight (SLW) and greater 
photosynthetic capabilities. Delaney and Dobrenz (1974(a)) 
showed forage yield of alfalfa to be correlated with 
photosynthesis of the whole plant. “Wide genetic variability 
BON photosynthetic rate has been reported in alfalfa 

(Pearce et al., 1969; Delaney and Dobrenz, 1974(b); Carlson 


COG Uap O70). 


The results of Siaeeaniuamiea wie rate studies in alfalfa 
pointed sto (two important: conclusions: (1) photosynthetic 
rate, expressed as net photosynthesis (mg CO», ane eT iy: 
was found to be positively correlated with specific leaf 
weight or SLW (defined as leaf dry weight per unit leaf 
area); (2) different cultivars of alfalfa showed a range of 
values for net photosynthesis and SLW. Since SLW is an 
easier character to measure than net photosynthesis, it 


could be used with advantage as an indicator for the 


photosynthetic rate of a cultivar. 


Leaf (or leaflet) area is also another important 
selection criterion for increasing forage yield. Apreeetene 
genetic variability for leaflet area has been reported in 
alfalfa (Barnes et al., 1969; Delaney and Dobrenz, 1974(b)). 
These workers also showed that both leaflet area and SLW 
were genetically independent. Cultivars or clones were 


found that combined larger leaflet area with high values 
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of SLW. Thus selection for both characters could be 


considered at the same time. 


2. Assoctatton between characters. The information 
on the association of characters could be used in two ways: 
(lL) it could be_utilized for the early elimination of 
inferior genotypes; (2) it ts also of importance in any 
plant breeding program when selection is based on two or 


more characters simultaneously. 


Seedling vigor has been successfully used as an early 
selection criterion for the elimination of plants that are 
inferior in forage yield. This situation was made possible 
by the Significant positive correlation between these two 
tratts. ~“buncon (1937) found*stemeleng thy of* six-week %old 
alfalfa seedlings gave a good correlation with forage yield. 
Plants with superior seedling vigor tended to be higher 
Watecaks yield. Battle and Pettem (1953) reported that 
plants selected on the basis of superior seedling vigor 
showed better survival after transplanting, higher yield 
and more rapid spring growth in the second year. Carnahan 
et al. (1960) showed that seedling vigor and fall growth 
habit were positively correlated, and this association was 
little affected by differences between locations. Further, 
in this experiment it was found that plants with good seed- 
ling vigor tended to be erect in the fall growth while the 


ones with poorer vigor were generally prostrate. 
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The interrelationship between spring and fall vigor, 
recovery after cutting, plant height, growth habit and 
Winter survival in alfalfa has also been investigated by 
Some workers. Heinrichs (1958) found a slower fall 
recovery Of shooticatter cutting and a higher level of 
carbohydrates in the roots to be closely associated with 
plants that could withstand winter-kill. These associations 
were negative (r=-0.76) between amount of fall growth and 
winterhardiness, and was strongly positive (r=+0.78) between 
level of carbohydrates in the roots with winterhardiness. 
simitearly, EBkbing et al. (1960) xeported a highly signifi- 
cant correlation (r=0.49) between winter-killing and fall 
growth habit from a diallel combination involving 14 alfalfa 
clones of diverse origins. In this study, it was also 
found that the progenies of certain clones made substantial 
fall eco aen and suffered ee winterkilling. Such results 
were also obtained by Theurer and Elling (1962) who reported 
that certain crosses were winterhardy and at the same time 
could make substantial fall recovery. Busbice and Wilsie 
(1965) studied the relationship of fall growth, winter- 
hardiness and recovery after ora ne in PF. progenies of 
"Vernal' and ‘Du Puits' alfalfa. They concluded that the 
positive correlations between fall growth, spring recovery 
and yield, and between fall growth and recovery after 
cutting, were suggestive of recombination of genes for fall 
growth, wintetherdiness and rapid recovery after cutting. 


They also suggested that simultaneous selection for these 
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three traits would be effective. 


Most reports on the association of various morphological 
and agronomic characters with forage yield in alfalfa have 
been deScribed uSing simple correlation coefficients. In 
some cases this Cechnigque is less useful. A simple cor- 
relation coefficient between two characters does not 
necessarily imply a cause-and-effect relationship. Many 
UNKNOWN LactOrs (could have intluenced the strength of this 
association. Frakes et al. (1961) studied the relationship 
of plant height, stem length, plant width and stem diameter 
with forage yield ina population of spaced planted alfalfa. 
They found that the correlation between these characters 
with forage yield were significant and positive. However, 
the results from pathway coefficients gave a different picture. 
They showed plant width to be direct in its effect on forage 
yield whereas stem number was primarily indirect in its 
effect. Furthermore, a large portion of the significant 
association of height or stem length on forage yield was 
indirect via the plant width. Liang. and Riedl (1964) found 
positive and significant correlation of forage yield with 
plant height, number of stems, number of leaves and number 
of internodes. Also, by the pathway coefficients, they 
showed that plant height and number of stems had the greatest 
direct influence on forage yield, while the number of leaves 
and internodes per tallest stem only had minor effects. The 


strong correlation of number of leaves and internodes with 
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forage yield was due to their indirect influence via the 


plant height and number of stems. 


More recently two statistical techniques have proven 
their value in interpreting the interrelationship between 
characters. These were the multiple regression and factor 
analysis. As a technique, the multiple regression analysis 
could be useful when the main interest is the prediction of 
the response (or dependent) variable for a set of predictable 
(or independent) variables. Generally, yield is chosen as 
the response variable while the other agronomic characters 
are the predictable variables. This method has been useful 
in identifying factors influencing yield. Because yield 
is dependent on a-number of'!factors, fitting all the 
important factors in the form of a multiple regression 
equation could explain yield variation. In cereal crops, 
this technique has been found to be useful in selecting 
the important factors that affect grain yield (Hsu and 
Walton, 1971; Walton, 1971; Lee and Kaltsikes, 1973). 
Factor “analysis, which is a multivariate statistical 
technique, is also useful in explaining the interrelation- 
ship among a set of selected variables. Essentially, this 
method reduces the number of characters into a smaller 
number of ‘factors.' The selection of one character (with 
the highest factor loading) in each of these ‘factors’ 
will in all likelihood preserve most of the information. 


This method is of importance to a breeder in the initial 
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choice of the characters to be studied. The selection of 
One character in each 'factor' would reduce the work 
involved without limiting the information obtained or the 
selection advances made. Factor analysis has been used by 
a number of workers in studying the association of 
eharacters in crop plants (Murty e¢ al.), 19703 Hsu and 
Walton, £971; Walcon, LO7L; Briggswand Shebeski;, 1972; 


Waddington, 1972; and Lee and Kaltsikes, 1973). 


Sa ~taObtiery oF the stugle erosses. An important 
objective in many plant breeding programs is the selection 
of genotypes that are consistently high yielding in 
different locations or years. In practice, however, such 
an objective was difficult to fulfil. When materials were 
grown and compared over a series of environments, the 
relative rankings usually differed - either between locations 
Or years. “Such inconsistency in performance was commonly 
attributed to genotype x environment interactions, and may 
be present in pure lines, clones, single or double cross 


hybrids or synthetics. 


The concept of Selec for a stable genotype has been 
suggested as a method for reducing the effect of genotype 
x environment interactions. Theoretically, such a genotype 
would be well buffered against change, and could therefore 
be grown over a wider range of environments. Finlay and 
Wilkinson (1963) expressed the mean yield of an individual 


barley variety as a linear function of the environment. 
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The eens regression coefficient was used to describe the 
performance of the cultivar, and the environment was 
. denoted by the overall mean.of a number of genotypes over 
locations or “years: or both. According be “Chis imethod, a 
variety with a reqression coefficient of one (b=1) would 
be of PEERS one If the regression coefficient 
Was-greater than one, the variety would be of below 
ee Stability. Likewise, a regression of less than 
one would describe a variety of above average stability. 

B high yielding stable variety would, therefore, have a 
performance above average as well as a regression coefficient 


of one or less. 


Eberhart and Russell (1966) developed this concept 
further and added a second parameter (deviations from the 
regression line) as a secondary measure of stability. 
According to their definition, a stable variety would 
have a regression coefficient of unity (b=1) and minimum 


2 
Squared deviations (S.= 0) from the regression line. There- 


d 
fore, a superior stable variety should have these characters 
as well as being of above average performance. They applied 
this technique to two sets of diallel crosses in maize 
(Zea mays 1.) and found the genetic difference in the Fis 
could be Hetermined by the regression coefficients. Further 
the. xesponse ofthese genotypes in different environments 


coulé be measured “in terms’o* the squared deviation values 


from the 


"oy 
i 


seqjression line. * A large number of their Fis had 
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unit regression coefficient and near zero squared deviation 
values. However, a few genotypes have estimates of squared 
deviation values that were extremely large and thus were not 
selected as stable genotypes (although they have unit 
regression coefficients). Eberhart and Russell (1969) used 
a 10-line diallel of single-cross and double-cross maize 
hybrids to demonstrate the method. They concluded that 
double-cross hybrids were more stable than the single-cross 
hybrids. However, they were able to identify two single- 
cross hybrids that were as stable as any of the double- 
cross hybrids. These two single-cross hybrids also out- 
yielded the commercial varieties. As in their previous 
publication, Eberhart and Russell (1969) emphasized that 
the most important stability parameter was the mean square 


of the deviations from the regression line. 


This method of selecting for stable genotypes has also 
been used by other workers. Eberhart (1971) identified 
four stable semi-exotic varieties from a regional maize 
diallel composed of U.S. and semi-exotic lines. Joppa 
et al. (M97 jeapplied this method to select for the stable 
wheat cultivars from Uniform Regional Nurseries grown at 
T5°to 20 locations on) U.S. Ag and Caneda. “They scoundmrhat 
both parameters were under genetic control. Each cultivar 
had its own characteristic value for b and = These 
Studies also substantiated the conclusion of Eberhart and 


2 
Russell (1966, 1969) showing that Sa was an excellent 
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indicator of specific genotype x environment interactions. 
Heaster andururcerte 419/73) used this technique on cotton, 
while Taliaferro et al. (1973) applied the same method to 


alfalfa. Both workers were able to select stable genotypes. 


Other methods of studying stability were demonstrated 
Dynal (1971) sang Hancon (L970)'- “Tad (1971) ineroduced.« 
ang WoL wich oO wes Sind larto, the regression (4.6.,b=-1) 
while A was equivalent to the mean square of deviations. 
Hanson (1970) defined a stable genotype as one which has 
minimum possible variability when grown in different 
environments. This was described by the small regression 
coefficient (Minimum 8 = 0) as well as the small deviation 
from the regression (s, = 0). Essentially both methods 
were similar to those developed by Eberhart and Russell 


(19°66). 
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ItIl. MATERIALS AND METHODS 


1. Materials. One selection was randomly taken from 
each of the thirteen cultivars of alfalfa and was used as 
a parent to produce a diallel cross population. These 
parents were described by accession numbers and their 
Origins were indicated in parenthesis. The following three 
diallel crosses were made: 


Poputariton A - 7 * 7 diallel eross (F7zs and thetr 
rectprocals) 


Clone 1 ('Berseem', Sudan) 
Clone 2 ('Du Puits', France) 


Clonerted( 'Verhel'¢.UcS .:) 


o 


Clone ('Rambler', Canada) 
Clone: w5aecde Grimm’ se leSt) 
Clone 6 ('Beaver', Canada) 


Clone 7 ('Roamer', Canada) 


Population B - 5 x & dtallel cross (F 1s and thetr 
rectprocals) 


Clone 1 ('Berseem', Sudan) 
Clone 7 ('Roamer', Canada) 


Clone (8s ('Narrangansettu pau. s.) 


Xe) 


Clone OC Pekalb", U.S.) 


Clone 10 ('Alfa', Sweden) 
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Population C - 6 x 6 dtallel cross (P58 only) 
Clone 1 ('Berseem', Sudan) 
Clone 2 ('Du Puits', France) 
Clone 4 ('Rambler', Canada) 
Gilone Lil. (*U67/126", Sweden) 
Clone 12 ('Bendelebener', Germany) 


Clone 13 ('Neuga', Germany) 


These parents were maintained in the greenhouse. The 


usual technique for obtaining F, seed between any two 


ie 
parental clones involved emasculating the flower, immersing 
the stigma in 57% alcohol for a few seconds, rinsing in 
distilled water and applying with pollens from the selected 
parent. In the present study, this method was found to 
produce low seed set. An alternative method was used. 
Flowers at the early bud stage were selected and emasculated. 
The anthers were removed by means of a vacuum pump equipped 
with a fine nozzle. ‘The flower was left protected ina 
polien' bag for two to» three days... Pollen from the selected 
parent was then applied to the stigma by means of a tooth- 
pick. All the crossings were labelled. A close check on 
the amount of self-fertility was also carried out. About 

50 florets were emasculated at the early bud stage, left 
protected in pollen bags, and were observed for seed set. 

For all the parental clones, there was no seed set. 

Similar check was also undertaken by tripping 500 florets. 


At no stage had the seed set exceeded 10% for all the 
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parental clones. On the basis of these results, the 


present technique for obtaining F, seed was carried forward. 


seeds were collected from the matured pods, scarified 
and germinated on filter papers in a petri dish. The 
seedlings were hen transplanted into 9 cm diameter peat- 
moss pots that were filled with soil mixture (3 soil: 
2 peatmoss : 1 sand). They were maintained in the green- 
house all through the winter of 1971/72 and were subsequently 
transplanted to the field at the University Farm (Parkland) 
in the first week of May 1972. For each population, a 
randomized block design of four replications Was used. In 
each replication each crossing was represented by a row 
DLO Of fOur plants unitonmlyiespaced jak /60) cm apart. 
Spacing between rows of plants was 120 cm. Check plots of 
"Rambler' and 'Roamer' were also planted out. There were 


two plots per replication for each cultivar. 


in May. 1973). Lour r<eplicatiensiot (che, 7x7 and. 5 x 5 
diallel cross populations were planted at University Farm 
(Parkland) and at Ellerslie Research Station (Figure 1). 

Two replications were maintained at each site. The plants 
at the University Farm (Parkland) were kept under irrigation 
in eres to create a new environment. These plants were 


harvested in 1974. 


On the basis of the 1972 and 1973 tee Ld results from 


the three diallel cross populations (planted in May 1972), 
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Suitable combination of the parental clones were used to 
create three experimental synthetic populations (Figure 1). 


These were as follows: 


Experimental synthetic 5 H - selected for higher 
forage yield and the parents consisted of 
5 clones superior in GCA for forage yield. 


These were clones 4, 5, 6, 7 and 8. 


Bigusewl. Meterials planted at ditterent years. and 


TOCaELONS In “chs study 


Three Diallel Cross Populations 
(planted at Parkland in May 1972) 


| 4 
Experimental Synthetics Additional Replication of 
(planted in May 1974 the Wx? and 5x5 dtailel 
at 2 locations) cross populations 


(pUanted in May L973 at 
2 locations) 


“a i ~Y 
Parkland Ellerslie Parkland Ellerslie 
(ten 12- (ten 12- (two 4- (two 4-plant 
plant plant plant replications 
replications replications replications for each 
for each for each for each cross) 


synthetic) synthetic) cross) 
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Experimental synthette 2 H - selected for higher 
forage yield and the parents consisted 
of twor clones that exhibited superzor 
SCA for forage yield. These were clones 


aang “7 = 


Expertmental synthetic 5 L ~ selected for lower 
forage yield and the parents consisted of 
clones inferior in GCA for forage yield. 


These were clones 1, 2, 9, 10 and 13. 


Seeds for these experimental synthetic populations 
were obtained by the polycross method. In this process the 
flowers of the selected parents within each population were 
tripped at random by means of a tooth-pick, alternating 
between flowers of aifferent parents. These seeds were 
scarified and germinated in February 1974. The seeds from 
"Rambler" alfalfa were also Cerrina! These materials 
were transplanted to the field in the first week of May 
1974. Two sites were used - University Farm (Parkland) and 


Ellerslie Research Station. At each location a randomized 
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block of ten replications were planted. Each plot consisted 


Of i2eplants,. “The Spacing was similar to thae used) for the 
diallel cross populations. All plants were harvested in 
1974 (July and September harvests) and the dry weight for 


each population was determined for each location. 


2. Methods. The following characters, grouped under 


two headings, were measured (single plant basis) on the 
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three diallel cross populations that were planted out in 


the field in May 1972. 


Agronomte characters 

a) forage yield 

by vigor 

c) frost tolerance and winter survival 

dad) growth habit 

e) plant height 

£) days to flower (lst and 10th flower) 
Morphological characters 


g) leaflet area and specific leaf weight. 


All the above characters were studied in the 7 x 7 diallel 
cross population. The agronomic characters (numbers a - f) 
were also studied in the 5 x 5 diallel cross. In the case 
of the 6 x 6 diallel cross, where extensive winter-killing 
occurred, only the forage yield, vigor, frost tolerance 


and winter survival were investigated. 


When the materials were kept in the greenhouse in 
1971/72, forage yield and plant height were also recorded. 
Both characters were measured on a 4-plant plot basis 
(one plant per pot) in each replication, and this order 
of replication was maintained when the materials were 
planted out in the field. Forage yield was recorded in 
grams of dry weight while plant height (or seedling height) 


was measured in centimeters. 
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In the field, forage yield was recorded in grams of 
dry matter per plant and was obtained from the harvests 
Om 1972; (one harvest - July), 1973 (two harvests - July 
and early September) and 1974 (two harvests). Plant 
height was measured in centimeters per plant for the 
natural height of the plant at 60 days from the date of 
transplanting (i.e. in early July). This was repeated in 
the first week of July in 1973. Vigor, growth habit and 
frost tolerance were visually scored from 1 to 9, with 
9 = excellent vigor, erect growth habit or good frost 
tolerance, and 1 = poor vigor, prostrate growth or poor 
frost tolerance. Both vigor and growth habit were 
recorded early in July 1972, and were repeated about the 
same time in 1973. However, the growth habit in 1973 was 
based on the ratio of Rowune Wee cane to the width of the 
crown. . This was then transformed to a scale that was 
comparable to the growth habit obtained in 1972 by dividing 
by the largest ratio and multiplying by 9. Additional 
measurements on vigor were taken on regrowth in September 
Of 1973 to mark the fall vigor. Frost. tolerance was 
recorded on regrowth in late September in 1972 and 1973. 


Both measurements were taken after a severe frost. 


Days to flower (lst and 10th flower) were recorded 
from the first ‘day of June each year. The appearance of 
the first (and tenth) flower were noted on each plant in 


1972 and 1973. Winter survival was counted as 0 or 1, with 
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0 = winter killed and 1 = winter survived. Observations 
wenhe tLaken jim the) carly ipartof ithe growing season in‘1973 


and 1974. 


Samples for the study of leaflet areas and SLW were 
taken from the 7x 7 diallel cross population after the 
first harvest in 1974. The regrowth at this stage was 
“very uniform. The first sample (Stage I) was taken in 
early August while the second sample (Stage II) was 
collected three weeks later. In Stage I two shoots were 
sampled from each plant at the early bud stage. All the 
unfolded leaves were cut off from the petioles. They were 
counted and their total leaf area was determined by an 
automatic leaf area meter (Hayashi-Denko ~- Model AAM-5) 
with an accuracy of +:1%. Leaflet area was calculated as 
the total leaf area divided by three times the number of 
leaves. These samples were dried at g0°c in a forced- 
draft oven for 24 hours and their dry weight was recorded. 
SLW was calculated as the ratio of the dry weight of 
leaves to the total leaf area. The experiment was repeated 


for Stage II when the shoots were at a late bloom stage. 


For materials that were planted in the field in 1973 
and 1974, only forage yield (grams of dry matter per plot) 
were determined (Figure 1).. These plants consisted of: 

C1) an additional «tour ireplicationcg~or the 7ex wudideds) > 
diallel cross populations (planted = 1973) for the purpose 


of studying stability of single crosses; (2) twenty 
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replications of experimental synthetics (planted in 1974) 
for comparing the performance of polycrossed populations. 


These materials were harvested in July and September 1974. 


3. Statistical analysts. Analyses of data were 
Carried Out in-terms’ of: (3) combining ability: (ii) 
association of characters; (iii) stability of the single 


CYrOSSeS. 


(i) Combintng ability. The mean value of each plot 
was used in the analyses of variance for all characters. 
The mean squares of the single crosses, where significant, 
were partitioned into general combining ability (GCA), 
specific combining ability (SCA) and reciprocal effects 
(RE) as outlined by Griffing (1956). The mathematical 
model for=the~ combining ability effects is as. follows: 


awe = : ‘ tie otk earth Ae 
vidk (Slee G5 + g. rT Sis Ti4 ©i5k 
where u is the population mean effect, or (Ox oy) is the 


GCA effect for the ae (ox Bae parents, 4 is the SCA 
effect for the cross between es and 2 parents such that 


Sik See ras 

15 wies 503] 
; : petiole! 

residual error associated with the ijxe plot. The 


is the reciprocal effect and Cisk is the 


restriction imposed on this model was that the sum of on 
or S44 effects would be equal to zero. For diallel cross 
population "A'‘,and 'B' where Fis and their reciprocals were 
involved Method 3, Model 1 was used. For the population 


'c' where only Fy 
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s were involved Method 4, Model 1 was used. 
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The expectation of mean squares in both analyses were 
as follows: 


Method 3, Model I 


Source of variation df Expectation of mean squares 
Replications ert) 
Single crosses . (s-1) 
9 S451, 
GCA (p-1) Cyt ee ae %6 
im : 
SCA Pipe s)ie ) gh + ary ( se aipouea ¢S 
é 2 
RE p(p-1)/2 Oo ar 2ry (Seciy) op 
2 
Error (r-1) (s-1) Oo 


Method 4, Model I 


Source of variation df Expectation of mean squares 

Replications (x-1) 
Single crosses (s-1) 

¢ 1 
GCA (p-1) Ge tin Dia) aaa te 

= 2 

~- +. oe 

SCA p(p-3) /2 o MAG oey ee 
Error (r-1) (s-1) 0} 


where ie was the sampling variance associated with the plot; 
r = replications; y = environments; s = number of single 
Grosses; jo e=wnumber Gf parents: in ttheydiallel cross. ihe 
and $, were the sum of squares for the GCA, 
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The results for each environment, or environments 
combined, were analyzed with replications and Single crosses 
treated as main factors. Since the spring and fall environ- 
ments were different, the results obtained within a growing 
season were treated as environments. In this respect 
spring and fall vigor were treated as Separate measures of 
vigor. Likewise the first and second harvest in a year 


were treated as forage yield in two environments. 


Where the results of mean squares for GCA were signi- 
ficant, estimates of GCA effects were calculated. Similarly, 
where SCA or reciprocal mean squares were Significant, the 


SCA effects or reciprocal effects were calculated. 


(ii) Assoctation of characters. Simple correlations 
between characters, or of the same character between 
environments, were calculated with the information from 
the plot means. In these analyses only the results from 
the 7 x 7 diallel cross population was used Since poorer 
winter survival in the other two diallels would affect the 
final conclusion. Genotypic correlations between characters 
that were measured over two environments were calculated 
based on data from the Fy means. For this study, the 
results from the 7 x 7 diallel cross and the 5 x 5 diallel 
cross populations were presented. The expectations of 


mean squares in both cases were as follows: 
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Source of variation df Expectation of mean squares 

Environments (Env.) (y-1) 

Replicates in Env. y (r-1) 
2 2 

Single crosses (s-1) Ovo + rye. 

2 

Single crosses x Env. (s-1) (y-1) o + TOW, 
2 

Error y(s-1) (r-1) fe} 

2 a. 2 

where o = sampling error due to plot; ov" Single crosses 
2 

x environment interaction variance; oe genotypic variance 


among Single crosses; r = replications; y = environments or 


years; and s = number of single crosses. 


The above expectation of mean squares were applied to either 
the variance of each character or to the covariance between 
any two characters. Genotypic correlations red were 


calculated from these variance and covariance estimates. 


ae = 
g 

where o is the genotypic covariance between characters 
312 ; : 

Perandi 72; oO and o are the genotypic variances of 


1 32 
characters 1 and 2 respectively. 
Stepwise multiple regression equations were computed 
with information from plot means of the 7 x 7 diallel 
cross populations. The detail of this technique was set 


out by Draper and Smith (1967). The multiple regression 
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and the multiple coefficient of determination were obtained 
by adding one independent variable ne a time according to 
their relative importance in determining the response 
variable (forage yield). Termination of the analysis 
occurred when the introduction of a new independent variable 
resulted in a change of less than 1% of variance of the 
response variable. Two sets of results were regressed on 
the forage yield of July 1973. The first set consisted of 
independent variables studied in the greenhouse (i.e. 

plant height and forage yield) and in the field in 1972. 
The second set was data from 1973 and the morphological 
characters recorded in 1974. Forage yield of 1974 was 
excluded since the objective was to work out the relative 
importance of other agronomic characters in relation to 
forage yield of 1973 (July). A factor analysis was carried 
out for all the above characters. In this technique the 
measured association of variables or characters, usually 
presented as correlation coefficients, were replaced by a 
set of 'factors' which are mutually independent of one 
another. The calculated value (i.e. factor loading) 
described the maximum correlation between the variable and 
the factor. This procedure involved the use of varimax 
rotation (Harman, 1967). The criterion used to determine 
the number of factors to be retained was an eigen value of 
> 0.20. The mathematical description of this technique can 


beswtound smuGeatte LL (1965). 
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(Due eStabearty of ithe “stugle .croséees. «The iforage 
yields of the single crosses from the 7zeloneiancdk 5=clone 
diallels were used in this study. A harvest at each location 
Or year was considered as a single environment since changes 
in ranking among the genotypes were observed within a year. 
The results from the year of establishment were left out 
in all cases. Thus, there were eight environments - six 
from the University Farm (Parkland) and two from Ellerslie 
Research Station. Of the six environments at the University 
Farm (Parkland), four were from materials planted in 1972, 
while two were from those planted in 1973 and maintained 
under irrigation. The forage yield was calculated as the 


average of F,s and their reciprocals in each replication. 


al 


The stability of the single crosses over the environ- 
ments was estimated by the regression method that was 
outlined by Eberhart and Russell (1966). The two ‘para- 
meters for stability are described by the model: 


1j i aka} og 


th h 


where oe is the F, mean for the i Fy at the a 


if 
: ; eth 
environment, yu, is the mean of the 1 


over all the 
environments, B is the regression coefficient that 

; pels) : 
measures the response of the ae Fy at the j environment, 


and I. is the environmental index obtained as the mean of 


Slincie wb Saatetie 4 eh environment minus the grand mean. 


NE 


The calculation of sums of squares, and estimates for 
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the regression and squared deviation values of single 
crosses were carried out in the manner set out by Eberhart 


and Russell (1966). 
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BV RESULTS 


Experimental results were presented in the following 
order: (1) combining ability; (2) association of characters; 
(3) experimental synthetics, and (4) stability of single 


Crosses. 


1. Combintng ability. Analyses of variance were 
carried out for all the studied characters in each of the 
three diallel cross*populations.of alfalfa; (Tables. 1-3)’. 
With the exception of one character (specific leaf weight 
at Stage II) all the characters displayed significant 
differences in the single crosses. The mean squares for 
replications were generally larger than the mean squares 
for genotypes in MOSst Of the characters. ~ In such cases, 
replication differences were appreciable (Appendix: Tables 


V-1, V-2 and V-3). 


The mean squares of Single crosses, where significant, 
were partitioned into general combining ability (GCA), 
specific combining ability (SCA) and reciprocal effects (RE). 
The results for the three diallel cross populations were 
reviewed an the following order: (a) forage yield; (b) vigor; 
(c) frost. tolerance and winter, survival; (d), growthyhabit; 
(e) plant height,» (£).days tot£lower?s (g) teatlet carea*and 


specific leaf weight. 
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Table 1. Analyses of variance for characters studied in 
a 7 x 7 diallel cross population 
Mean squares due to 
F-values 
Characters Replications Genotypes Error (geno- 
types) 
df 3 4] ep Wee) 
Forage 1972 (July) 2355 439 178 Phas Stak 
Yield cO7 SAL Y em 21377 So149 4304 SE PEt 
1973 (Sept) 675 2476 TD 3.1 *** 
£9 74n5aly)? 745675 42000 10418 4.0 *** 
1974 (Sept) 651 979 Spey | 220°. *%* 
Combined 21669 33441 4306 7.0, *** 
Vigor 1972 (July) GS} OS6h G33 EAS id 
1973 (July) 226 4.24 O56:7 Gao e ** 
1973 (Sept) Sie) SD 0.36 SS ae has 
Combined 2.90 1.46 0.62 2.4 *%% 
Frost 1972 (Sept) 1,45 0.58 0,12 4.8 **% 
Tolerance 1973{Sept) 0.43 ee OS 0.18 9.4 *** 
Combined ¥.26 OL 0.16 eee 
Winter 1972-74 0.07 Oaed 0.05 5.4 #** 
Survival 
Growth 1972 (July) 0.41 3292 0.30 6 ONT 
Habit 1973 (July) G.33 ¥.59 O219 8.4 *** 
Combined GO. 07 4.69 VP Shoe EES I: 
Plant 1972 (July) 298 55 16 BA kes 
Height 1973 (July) 442 241 59 Ce FI 
Combined ei Ae) LizZ 41 4.2 *** 
Days to 1972 (July) 146 123 22 Sab ee 
Flower 1973 (July) Zs 49 13 Se en 
Combined Lis 64 30 PS Rg 
Leaflet Stage I O33 Cros 0.09 So 
Area Stage II UL Boal 0.16 Dodhik Loe 
Combined AD lhe: 0.34 ORS, 265 2s 
Specific Stage I 4.86 0330 Ong, 1.392% 
Leaf Weight Stage II pea | 0.25 0.22 Vien .s 
Combined 6.38 G.39 (Urge 7 Dia 
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Significant at the 5%, 1% and 0.1% level respectively 
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Table 2. Analyses of variance for characters studied in 
a 5 x 5 diallel cross population 
Mean squares due to 
F-values 
Characters Replications Genotypes Error (geno- 
types) 
df 3 19 57 
Forage 1972 (July) 1037 pis) rEg Phe gh ES 
Yield 1973(July) 14660 32433 ZO 15.4 *** 
1973 (Sept) 5220 S971 910 Sig Vi likes 
1974 (July) 6610 30672 10045 Sheil kl 
1974 (Sept) 2581 S52 3)ib Bishan 
Combined 7014 27440 3156 ie Fh Eats 
Vigor LOT 2 (Joly) 1.14 0.20 OFL1 hot} es 
1973 (July) Zot 3.46 0.38 weal Ecko 
1973 (Sept) 0752 eS 0.18 6.5 
Combined SreleS os} 0.36 2 O ee x 
Frost Dege (sept) L1G. ©0646 110.08 5.8 ke 
Tolerance 1973 (Sept) ORSZ AS) (ig abal EZ O mia 
mie Combined 0.44 alley: 0.10 15.4 *** 
Winter 1972-74 0.10 4.16 1.06 See)” Folate? 
Survival 
Growth 2972 (July) Oot Bh She Qi22 15.0% *% 
Habit 1973 (July) Ores2 AAS IS) 0.43 Sao es 
Combined Os Le, fee pe} Wiese) 159 eee 
Plant 1972 (July) 104 5) 14 ome 
Height 1973 (July) 78 254 PM SES ekd 
Combined 142 124 25 50m ee 
Days to 1972 (July) 78 221 22 De Dea 
Flowering 1973 (July) 3 42 6 Uma LO belt. 
Combined 29 106 14 WG weiss 
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Table 3. Analyses of variance for characters studied in 
a 6 x 6 diallel cross population 
Mean squares due to 
— F-values 
Characters Replications Genotypes Error (geno- 
types) 
df 3 14 42 
Forage 1972 (July) 94 si3 34 BRO ta 
Yield IG yy/ Ss (cau), abileyicis) 22956 1893 NW2 edt tse: 
1973 (Sept) 14384 3022 501 6.0 *** 
197e(suly) £2390 40833 4580 8) teks 
1974 (Sept) 298 763 SSL Aas 
Combined 8190 19495 1605 de sl eroests 
Vigor 1972 (July) OFL5 0.36 OAs 1.6 * 
1973 (July) ow 3.96 OLS ZO Omatie 
1973 (Sept) Oes2 1.06 0.18 5.9 *** 
Combined 
Frost 1972 (Sept) 0.04 0.28 Os OF 4,.Q *** 
Tolerance 1973 (Sept) On27 0.65 Ors 5.0 *** 
Combined 
Winter 1972-74 LG? 4.61 No Be 3.8 *** 
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(a) Borage yielde(Tables~ 4-8) 

For forage yield all the mean squares of GCA and most 
of the mean squares for SCA were significant (Table 4). 
Generally, GCA was more important than SCA in the different 
environments (as indicated by the ratio of GCA to SCA). 
The ratio of GCA to SCA for forage yield was smaller in the 
| year of establishment (July 1972) but was largest in the 
following year (July 1973). The exception to this was the 
6 x 6 diallel cross population. In this pcpulation the 
genetic variance was appreciable in the year of establish- 
ment. The smaller ratio of GCA to SCA in the following year 
could be due to the substantial winter-killing in this 
population. Only 65% of plants survived; while winter 
survival for the 7 x 7:-diallel cross was 95% and for the 


5ax- 55 dialtel cross’ was 853. 


Estimates of GCA effects for forage yield in the 7 x 7 
diallel cross showed that in the main, large negative GCA 
effects were obtained in clones 1 and 2, while large positive 
GCA ‘effects were found in clones 4, 5, 6 and 7 (Table 5). 
Thus clones 1 and 2 produced lower yielding progenies 
whereas clones 4, 5, 6 and 7 gave higher yielding nreeeee 
Likewise in the 5 x 5 diallel cross clones 1 and 10 produced 
lower yielding progenies while clones 7 and 8 gave higher 
yielding obfsprings. <Injthe G7x 6 diallel cross; progenies 
from Bienes 1 and 13 were poor in forage yield whereas 


progenies from clone 4 were higher yielding. The above 


. or “es a ‘ «& 
= or 


1 , ” - ; 1 
- tty i - 
= 
Le 


tn wy lO lige ewe 


ire! ae eae hanlix cere 
sf tas Age ee nai S ‘Sates ‘et eeu pana & 


, re ; oe if «> BS " ‘ker “al San ab | eth 


. +Sa8u 1 a 1c me) mthage 
. ; tes TTR cei iD TF \ he 
. ; e a ve atwe idee “ ue 


uf i . " ak 7a way We 


r: p : ) Les] : ane 7 eisry'i cisind ws 
a _ : ‘ 4 ~ 
7, Pe i ee ae | aneda ae | 
= y a : 
Ms ee ibe a if 
; 7a. Of Me) (° aan Oy i 
A ‘ 1 ae ' 
La & 
? iijc Sates *) p easy <= 
| r 7 i: a 2 aay An * 
i ( Fs - a ’ i ° 
’ {a i wy i 
" = yp pea fal y , preare 708. 
d- gokt OLS. eee 
‘ an 
Sy 
aH 4 ; f : 
br itdiv sedaé? md Ao Tt) DAS Or teOSTR hy 7 


YOu 
e 


Ue 


vet : 4 i ‘ ; a1 robs 4 4p * eee e z iPass feel eb: 2 


, ah ; ' 
PP ‘3 i , mAs fees j a ee ( a a ec *, == yy ayoo lI, 


j ¢ 4 r ra ia \¢ Pohea 2d? Aw 
c abort oF S| aiwkh potabgeg o£) Sat t weiamiey, ae 
adteae yp ibis a: ‘8 GW ert Sdysttnaeneden” "> Tae 
; wel : eee ve i 
Sy 2 f y 
7 v. ; mn 7 v J f ctl ; 7 as et i AL a : v 
bes oe Pf ~ & “4 '; ¥ it. igh F ae v3 ¥ - es u ¥ ur af x 


het = or ae o” : fom _ Wis Fs ut ae: ee Ce eee pe Patae | oe wy 
Met are J | na cos - 


ne 
f : . , 4 5 
or V8 ‘ ba 4 ’ . = " - iy, J ‘ ; : tad » wes ; 
vw ite WY H t |i), 2 ho ALL a A ily 
7 ‘ 7 : 
we ri ’ ; a = 
- _ Ri 4 . " pe P 
re gin) 4 enels na $e ee so 

’ om - , Ye 

i oy = of 


36 


results were generally consistent over the environments. | 
The estimates of SCA effects for forage yield in the three 
diallel cross populations showed that eleven Fis were 
supérior in forage yield (positive SCA effects) over the 
environments (Tables 6 and 7). These crosses were 2 x 4, 
2K eles cs) me CO ane 6. x= 7 In” une" 7 < “Jidtallvel ‘cross; 
DSP LO eX 16 On eo ely Che 5  Srdvalilel Cross; fv oc im Be iat: 
oS <tisvand 4 * lin the’6 x 6 diallel cross. The yield 

of these Fis were generally higher than their respective 
population means, and Oe: frequently greater than the 


check cultivars, 'Rambler' and 'Roamer' (Table 8). 
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Table 5. Estimates of GCA effects. for forage yield in 


Clones 


7 x 7.diallel 
cross 


5.x 5 diallel 
cross 


L 
| 
8 
9 
10 
SE* 


6 x 6 diallel 
cross 


1 


i3 
SE* 


three diallel cross populations 


(July) 


1972 


e352 
=3 2 
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C- | 
= ou 
0.3 
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3920 
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44.0 
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“S209 
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83.9 
Dare 

-47.8 
62 


=31 51 
=24..6 
83.0 
=§8.9 

7.8 
=105.6 
L554 


(Sept) 


L373 
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E590 
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FD. 5 
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1974 
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Table 6. Estimates of SCA effects for forage 


yield in a 7X7 diallel cross population. 


EG 


(July) (July) (Sept) (July) (Sept) 
Crosses US\e alshy/s} Sys} 1974 1974 Combined 
1X2 Dee Sali eal 4.1 -37.5 -20.8 16 
1x3 STIRS 12.9 - 5.4 54.5 - 6.5 6.5 
1x4 = All - 4.2 Ue mh Sud) oes) - 0.6 
1X5 - 4.0 he Pes: - 4,3 S53 DBZ Rota! Ae 
1x6 Zed Zul. (ys 6.6 1055 - 0.8 
1X7 3.0 -16.3 =i2.3 -18.2 yal SAIS) 
2x3 La 13.4 Sac 199 SRE 4.3 
2X4 - 6.0 14.5 9.4 46.4 ed ie) 
PAIRS: a © -16.6 — Cleis) -52.3 - 8.4 -14.2 
2X6 4.8 -34.1 -16.8 -50.8 4.7 -18.4 
2X7 #73 22 S41 74.4 15.9 TSe2 
3X4 = Ze 30.9 - 7.0 -34,7 =o - 2.8 
3X5 6.) PAS Y 55) 30 46 .2 1.9 19,2 
3X6 MES, -11.9 OZ - 3.4 - 0.1 PRA 
3X7 On3 -49.1 - 5.6 -82.5 - 5.3 PRS) ES 
4X5 Zrevl: -36.6 -10.4 10.0 = 93165 = 7.5 
4X6 asc -15.4 ibeal -18.8 = 533 Sholygalt 
4X7 5.4 PAS ee! - 0.4 Dal - 3.0 VPP) 
5X6 - 0.8 11.4 aes 29.0.3 - 0.7 8.4 
5X7 3) Je Fal 2.4 -26.5 - 0.6 - 4,7 
6X7 -10.7 39.8 23 a on =) (OF Lose 
SE (1) ao 29.0 14.1 PADS) o.a 43.1 
SE (2) etal 25.2 Parez 25.2 .6 a4 


standard error between two effects with one parental line in common 


n 

bs 

er 
T 


standard error between two effects with no parental line in common 


n 

ts 

N 
H 


pore: = asatte Ae %e i ponte re ote we ‘ 
eo'sD eter ts) WH eal praty a) 


,sorgelugod 


a ee rerun am : ae = apa 
(dua) (yEoG) (2482) ’ fyie®) 
beniamal Byer at ease ‘ 


ee aan eee acme oe - = 


“neta ont att iptibrsg a wy daieniee owe gaowted 1OxTs ‘dion: dl + thas 


' romeo ot eal aie on: rab zines ow maaan: stosts ‘Seahpese * oe ; 


40 


Table 7. Estimates of SCA effects for forage yield 


in a 5X5 and a 6X6 diallel cross population. 


(July) (July) (Sept) (July) (Sept) 
Crosses 1972 US) 7S 19173 1974 1974 Combined 


5X5 diallel cross 


1X7  =3.9 5.0 - 6.4 5,52 - 0.4 0.1 
1x8 9.9 -27.4 y Meal -85.9 -15.6 -23.4 
1x9 -5.2 - 4.6 17 26.8 123 6.2 
1x10 -0.7 27.0 14.8 53.9 <a et 
7X8 Sere 18.0 - 0.8 96.8 13.6 25.2 
7x9 1.4 -15.0 - 6.4 -47.5 - 5.3 -14.6 
7X10 4.1 - 8.0 Od -54.5 - 7.9 -10.7 
8x9 -0.5 24.0 9.4 4.6 - 4.6 6.5 
8X10 -7.8 -14.5 -10.5 -15.5 6.6 - 8.3 
9x10 4.4 - 4,4 - 4.3 16.1 - 2.4 1.9 
SE (1) 5.5 18.7 126 40.9 9 263) 9.6 
SE (2) 3.9 dn yes 9.1 28.9 5.7 


6X6 diallel cross : 
1X2 Sisrd -42.9 -52.4 - 4.5 - 1.9 -19.7 


1x4 0.2 -27.9 a A) 45.5 1.9 2.5 
1x11 -2.3 -10.8 19.9 35.5 vig 9.9 
1x12 -0.1 63.1 39.9 -22.2 y 2 16.4 
1X13 -0.9 18.2 - 0.4 -54.3 = 8.4 - 9.1 
2x4 3.6 -70.2 -22.9 14.9 - 6.2 -12.2 
2x11 -2.9. 0.5 28.5 -47.8 ~ 1.7 - 8.7 
2x12 -4,3 9.6 8.5 -24.2 5.2 - 1.0 
2x13 0.5 102.9 38.4 61.6 4.6 41.6 
4x11 -0.1 119.4 2157 21.4 8.3 34.1 
4x12 -1.7 20.8 - 7.1 5.4 G7 3.6 
4X13 -1.9 ~42.1 = ALT -87.0 - 4.7 -28.1 
11x12 4.6 -61.8 -29.0 -23.9 -14.8 -24.9 
11x13 1.5 -31.8 -12.3 64.9 Fed 6.1 
12x13 0.8 -47.4 ~21.0 14.9 0.8 -10.4 
SE (1) 5 26.6 1327 41.4 Tae 11.6 
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Table 8. Forage yield (grams dry matter/plant) of the 
eleven single crosses that were consistently 


high and positive in SCA effects in the diallel 


crosses. 
(July) (July) (Sept) (July) (Sept) 

Crosses 1972 1973 1973 1974 1974 Mean 
7X7 diallel cross 
2X4 68 270 216 540 83 234 
2X7 73 173 180 586 136 230 
B3K5 82 348 201 534 92 251 
5X6 chi 344 218 451 72 250 
6X7 67 oe i | 192 553 58 249 
Population 

Mean 74 266 174 378 75 193 
5X5 diallel cross 
1X10 42 386 176 450 66 224 
7X8 36 335 150 622 88 246 
8x9 50 376 165 318 517 193 
Population 

Mean 72 177 133 344 71 159 
6X6 diallel cross 
1X11 65 118 123 360 68 x He Ba 
2X13 78 280 165 380 62 192 
4x11 70 340 152 306 I 187 
Population 

Me an 70 169 120 307 69 147 
Checks: 
Rambler(n=32) 75 290 120 320 76 176 
Roamer(n=64) 50 180 85 280 73 134 
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(b)es Vigor, (Tabihes..9 = 12) 


Greatest genetic differences among the F,s were found 


1 
forrspring ve.gou i(July 1973) and fall, vigor (September 1973) 
(Table 9). The genetic difference for vigor was less marked 


among the F,.s in the year of establishment (July 1972). 


dl 
Generally for spring and fall vigor the variation due to 
GCA was greater on SCA. The estimates of GCA effects for 
these two environments pointed to the existence of genotype 
x environment interactions (Table 10). This was shown by 
the lack of consistency in the order of ranking of the GCA 
effects in these environments. In the 7 x 7 diallel 
cross,progenies of clones 1 and 2 were poor in spring vigor 
(negative GCA effects) whereas those of clones 4, 6 and 7 
were good in spring vigor (positive GCA effects). In the 
fall, however, progenies of clones 1 and 2 showed good 
vigor (positive GCA effects) whereas those of clones 4, 6 
and 7 exhibited poor fall vigor (negative GCA effects). 

In the 5 x 5 diallel cross progenies of clone 1 were poor 
in spring vigor but good in fall vigor while the reverse 
were found for progenies of clones 7 and 8. In the 6 x 6 
diallel cross the Fis Of clones: dy, 2 dndiels gqavyes poor spring 
Vigor but Good'ifall vigor. “likewise the reverse was true 
for progenies of clone 4. A combined estimate for the GCA 
effects for vigor therefore gave little useful information 


since the positive and negative effects for the spring and 


fall vigor cancelled ouc. 


Estimates of SCA effects for spring and fall vigor 


showed that eight F,s combined good spring and fall vigor 


ib 
(Tables 11 and 12).° These were crosses 1x 4, 3 x 5 

SC On Ot Weeneny a Tela leleocross., gx 10lan the 5 75. 
Sie veINcross -iand wis ii lio sl3) 29s? and 4 x ll an the 
6 x 6 diallel cross. The reciprocal differences of most of 
these Fis im ‘eer Ve J. and 5 6% 5 dvallel cross populations 


were not appreciable. 
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Table 10. Estimates of GCA effects for vigor in the three 
diallel cross population 
a ee) 


(July) (July) (Sept) ; 
Clones 1972 1973 1973 Combined 


ees ee ee ee 


7x7 diallel cross 
ea eon ere Lae DOSS; 


i a UES le ok 0.97 =0.22 
2 0.02 =On27 0.82 0.19 
3 0.10 =0 320 =O% 84 =O. 14 
4 —O15 O72. =O. 55 0.00 
5 =O. OL 0.60 On Ld 0.25 
6 0.14 0.28 (7nd: 0.10 
7 0.03 0.39 = Ons =O LG 
SE* G.-25 0.20 0.13 0.10 
5x5 diallel cross 
1 =O 205 =0,50 0.90.) 0,12 
7 tenes 0.53 bee Sic 0.02 
8 0.10 0.78 -02.09 0.26 
9 0.01 = .05 -03.05 =0..08 
10 0.06 ~0.46 0.02 =O ics 
SE* 0502 0.18 0...12 0202 
6x6 diallel cross 
1 0.13 cio £3 0.58 0.00 
2 0-31 =O. 28 Ogee 0.18 
4 -0.04 ey: =Je50 O25 
11 wa ea a Ee =0.18 -0.29 -0.25 
L2 “07.24 -0.08 -0.29 -0.21 
13 ~0.04 0 ..03 0.16 0.03 
SE* On? 0.16 OL 15 0.09 


a ae 


SE* Standard error of difference between any two GCA 
effects 
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Table 11. Estimates of sca and reciprocal effects for spring vigor 


(July, 1973) and fall vigor (Sept., JS) 7S) ost 


cross. 


Nag Ka Gia len 


ee ES Si eNol erowe poswletlons. 


Crosses 


SCA effects 
(July) (Sept) 
1973 1973 


1973 


Reciprocal effects 
ne tr mer emenner neem 


(July) 


(Sept) 
1973 


| - 


1X2 


0.22 
-0.22 
0.30 
0.05 
~0.44 
0.18 
~0.25 
0.00 
0.16 
-0.21 
0.08 
0.29 
0.21 
0.34 
~0.87 
-0.91 


=O, 11 
0.13 
0.28 

-0.08 
0.15 


0.36 
Orms2 


-0.40 0.48 
0.86 -0.08 
0.39 0.01 

-0.55 -0.13 
0.56 0.10 
0.00 -0.16 

-0 06 -0.31 
0.02 0,13 
0.36 -0.36 
0.23 0.14 
-0.47 -0.10 
0.09 0.58 
0.31 0.16 
-0.38 0.16 
-0.35 -0.03 
0.49 0.04 
ape! -0.18 

-0.04 -0.21 
0.18 0.00 
0.26 -0.06 
0.33 0.21 

Se Pe et 
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Table 12. Estimates of SCA and reciprocal effects for spring 
vigor (July, 1973) and fall vigor (Sept., 1973) in 
a 5X5 and a 6X6 diallel cross populations. 


ee 


SCA effects Reciprocal effects 
(July) (Sept) (July) (Sept) 
Crosses 19:73 1973 1973 1973 


STE Ra easement 


5X5 diallel cross 


1X7 =0510 O.o2 0.75 0.38 
1X8 -0 425 -0 405, =0..05 0.08 
1x9 0539 =e en 0.04 -0.84 
1X10 -0.04 -0.20 -0.80 0.03 
7X8 O.23 =O7023 0.14 =O), 26 
7X9 0316 —O 714 0.24 70.03 
7X10 O713 -0.18 =0.26 0.06 
8X9 0 4,01. 0.14 0.99 -0.04 
8X10 0.43 0.14 0.00 =-0.03 
9X10 =O 222, 0525 =0...56 -0.08 
SE (1) 0625 OSL7 


SE (2) 0.18 Oei2 


6X6 diallel cross 


1x2 -1.40 0.04 
1x4 0.10 -0.06 
1X11 0.21: 0.24 
1x12 0.60 -0.21 
1x13 0.40 0.24 
2x4 -0.33 -0.70 
2X11 0.20 0.14 
2X12 0.20 =e O234 
2X13 1320 -0.43 
4x11 1.00 0.24 
4X12 -0.21 0.017 
4X13 -0.43 -0. 76 
11x12 -0.32 0.46 
ag 6a ik} -0.96 0.09 
12X13 -0.35 0.26 
SE (1) 0.30 0.27 
SE (2) 0.20 0.22 
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(c) Frost tolerance and winter survival (Tables 13-16) 

Appreciable genetic differences in the Fis were found 
for frost tolerance in the fall of 1972* and 1973, and also 
for winter survival in 1972-74 (Table 13) 7.) inegeneralweene 
GCA variances were larger than SCA or RE variances in the 
7 * 7 and 5 *~S<diallel cross poputations. Inthe 6 x 6 
diallel cross the variances of GCA were also larger than 
those of the SCA. Estimates of GCA effects in the 7 x 7 
diallel cross indicated that progentes of iclonessl and °2 
were poor in frost tolerance and winter survival (negative 
GCA effects) while those of clones 3, 4 and 7 were good in 
frost tolerance and winter survival (positive GCA effects) 
(Table 14). Similar results were found in the 5.35" and 
6 x 6 diallel cross populations where it was also shown 
that progenies of Etone 1 were poor im both frost tolerance 
and winter survival whereas those of clones 4 and 7 were 
good in both characters. In addition to these, progenies 
of clones 10 and 13 were found to be poor for both 
characters whereas those of clones 8 and 11 were good. 
Good consistency in the order of ranking was observed for 
frost tolerance between the environments. Estimates of 
SCA effects for frost tolerance showed that nine Fis were 
Superior in frost tolerance (positive SCA effects) in the 
fall of 1972 and 1973 (Tables 15 and 16). ‘These were 
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and I x 13 and 4x 11 in the 6 * 6 diallel cross populations. 
Reciprocal differences were pronounced in Only four of these 
nine FS: Phese were crosses, 1 x 2,1. 3 and 2 x 5. in the 
ieee iemberOsa; andi m9 in thegs5.x 15 dial lel. cross 


populations. 


Table 13. Mean squares and F-test for the combining ability of frost 


tolerance and winter survival in the three diallel cross 


populations. 
_ Frost: tolerance Winter survival 
(Sept) (Sept) Combined 1972-74 
19°72 ne BAS) 


Source df 


MS F MS 1 MS F MS a 


7X7 diallel cross 
LEE Boe See SOI) 


*K* eee KX REX 
GCA 6 2:27" te.9 7.96 44.3 9.12 57.0 iw ieee ie? 
KKK KKK KKK 
SCA 14 0:47" 3, ONE aa EG ree 017° a O206 ...t.2 
* ** 
RE 21 6.28 4.5 C733. = 28 Osa. 2 ay On02 60.4 
Error 123 OVi2 O18 0.16 0.05 
GCA:SCA 5:1 8:1 8:1 20:1 
5X5 diallel cross 
KKK KKK KKK BKK 
GCA 4 1.69.021.1 4159 4127 5.90 59.0 15.52 14:6 
KKK KKK 
SCA 5 Op 15-71 41t9 0.90 8,2 OL6) "6.1 1222) etl 
KKK * 
RE 10 Carat G16 0235 "392 O25" (2.5 To70N 256 
Error 57 0.08 oh Mal 0.10 1.06 
GCA:SCA 11:1 Sei) 10:1 13:1 


6X6 diallel cross 


KkK KKK kAK KKK 
GCA 5 0.52 Hoe! ORS Tha O57 Malye Ihe SY) S) 43 
* KK * 
_SCA 9 OF15 2s 0.46 Syeplos 0.21 Sn5 0.86 0) 5 7/ 
Error 42 OOF Ons 0.06 Wg BP 
GCA:SCA GQ Tb 2:1 Sisal eal 


* Significant at the 5% level 
** Significant at the 1% level 


*** 4 Significant at the 0.1% -level 
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Table 14. Estimates of GCA effects for frost tolerance and winter 


survival in the three diallel cross population. 


“ost SESS Beeences seta Su to ae 


Frost tolerance Winter survival 
pA ASS SAL SNE RES 
(Sept) (Sept) 
Clones 1972 1973 Combined 1972 = 74 


7X7_diallel cross 


1 £0. 3a One -0.48 sie57 
2 ~0.20 -0.48 -0.34 -0.20 
3 0.00 0.19 0.10 0.30 
4 0.30 057 0.44 0.51 
5 0103 0.20 0.10 0.45 
6 -0.05 -0.24 20015 0.12 
7 0.30 0.36 0.33 0.34 
SE 0.08 Ont 0.07 0.22 


5X5 diallel cross 


i =O; 30 =O oo -0.43 -0.83 
1; 0.33 0.47 0.40 0.54 
8 0.08 Gray 0.12 0.92 
9 0.14 0.28 O22 —O 225 
10 -0.24 =-O35 —On20 -0338 
SE" 0.08 0.10 0.06 0.30 


6X6 diallel cross 


af -0.26 -0.38 -0.34 pel F248) 
2 = Ore 1b -0,13 =O 12 OZ 5 
é 0.25 0.22 0.24 0.63 
HG O12 0.13 0.13 0.75 
12 =0.0) 0.26 Os15 Ont 
13 0.01 =O 510 =0705 -0.44 
sE* 0.09 O13 0.09 0.39 


SE Standard error difference between any two GCA effects. 
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Crosses 


Tapie .15.. 


Estimates of SCA and reciprocal effects for 


frost tolerance in a 7X7 diallel cross population. 


Sse siemunommeeemmeereememmemee eee ee 


SCA effects 


Reciprocal effects 
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(Sept) (Sept) (Sept) (Sept) 
1972 Boe sueconbined 1972 8573.) “Combined 
0.44 0.32 0.38 0.04 “O19 -0.08 
0.12 0.22 0.17 0.23 0.31 0.27 
-0.34 -0.40 20.37 0.19 Sr 0.04 
0.02 0.10 0.06 BOL OG 0.02 -0.02 
0.00 -0.07 =0303 0.13 -0.04 0.04 
2005 -0.18 -0.20 0.05 =0,16 -0.12 
=0,18 0.04 0207 -~0.06 0.04 70.01 
“0523 0.03 -0.10 0.06 0.03 0.04 
0.04 0.35 0.19 0.20 0.28 0.23 
0.06 0.55 ~0,24 -0.05 -0.06 -0.06 
“O13 -0.18 =0.16 -0.09 0.04 0.02 
0.14 0.15 0.15 -0.04 aire -0.08 
0.00 -0.10 -0.05 0.41 0.25 -0.18 
0.04 0.18 0.11 =0.04 0.54 -0.29 
-e712 -0.49 20931 0.00 0.28 0.14 
0.15 -0.04 0.05 -0.09 en -0.20 
=OP17 80.13 -0.15 0.10 -0.03 0.04 
0.46 0.39 0.42 0.30 0.04 oma 
-0.08 -0.10 -0.09 -0.01 -0.19 -0.10 
“0713 -0.21 -0.17 0.24 0.19 0.21 
0.15 0.67 of41 0.34 0.05 oa 
0.15 0.18 0.12 
0.13 0.16 0.11 
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Table 16. 


(Sept) 
1972 


Estimates of SCA and reciprocal effects for 


frost tolerance in a 5X5 anda 6X6 diallel 


cross population. 


ee ig rr ee SAV LON 
Reciprocal effects 


SCA effects 


(Sept) 
i973 


5X5 diallel cross 
ee CONS) 


1X7 
1x8 
1x9 
1x10 
7X8 
7X9 
7X10 
8x9 
8X10 
9x10 
SE (1) 
SE (2) 


gst eae SE: 
=0;02 
0.00 
0.14 
O16 
0.08 
=O, 2 
-0.10 
-0.04 
0.03 


Oe 11 
0.08 


6X6 diallel cross 


1X2 


=O) 705 
=0..28 
0.16 
Os Ou. 
(Sf Ey 
=O 200 
70.10 
=0...01 
0.19 
Oc2a 
0.22 
=O), 10 


=0;,,10 
= Opa 
=009 


0.16 
0.73 


Combined 


=O sac 
=O09 
0.19 
0.12 
0.24 
£0,209 
0.07 
=0:;.03 
wi ei WP 
=O7207 


0.09 
0.06 


0.02 
-0.14 
0.09 
= Oy 515 
0.16 
=0715 
O.13 
20215 
0.20 
0.10 
0.40 
=0:.18 


—Onte 
=OR24! 
0.04 


0.16 
O.13 


(Sept) 
1972 


0.06 
-0.04 
O12 
=O).06 
O23 
-0.08 
0.06 
0.20 
OR ae 
0.00 


(Sept) 


LoS 


=) 5.20 
=O1SK19 
=0 36 
-0.41 
0.06 
=O 21 
0.03 
=0,.03 
0.10 
0.06 


Combined 


= ,.07 
“O42 
~0O.411 
=O724 
0.14 
ao De. 
0.02 
0509 
0.16 
0.03 
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(d) Growth habit (Tables 17 - 19) 

The mean squares for GCA, SCA and RE were generally 
Significant for growth habit (aae iM) li botheenva ran 
ments, and also for environments combined, the variance for 
GCA was larger than those of SCA. This indicated that the 
gene action for growth habit for both environments were 
largely additive... Estimates of GCA effects in thewy. & 7 
diallel cross showed that progenies of clones 1 and 2 were 
erect (positive GCA effects) while those of elones. 4, e5.and 
7 were prostrate (negative GCA effects) (Table 18)... an «the 
> x 5 diallel cross progenies of clones 1 and 10 were erect 
whereas those of clones 7, 8 and 9 were prostrate. The 
above results were consistent in both environments. The 
methods of measurement in both environments were also 
different ~- measured by visual score favo I? (Tuby) “but 
by meter rule in 1973 (July). Estimates of SCA effects 
showed that two Fis were consistently erect in growth habit 
(positive SCA effects) and five Fis were consistently 
prostrate (negative SCA effects) (Table 19). The two erect 
Fis were crosses 1 x 7 that appeared in both diallel crosses 
and 8 =~ 9 in the 5 x 5 diallel cross. The five prostrate 
Fis Weer ChOSSesimls x 125) 2x aoe and 16 «xe Ginette. 7 Son 7 
diallel cross; and 1 x 9 and 7 x 8 in the 5 x 5 diallel 
cross. Three of these Fis Showed appreciable reciprocal 
differences. These were crosses 2 x 5 and 6 x 7 which 
showed largest ect erocal effects in 1972 (July): -and, Ex 9 


that showed largest reciprocal effects in 1973 (July). 
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Table 17. Mean squares and F-test for combining ability 
of growth habit in a 7X7 and a 5x5 diallel cross. 


a 


(July) (July) 
1972 i973 Combined 


Source aft 


7X7 diallel cross 
See OS Si 


: KKK KK* KKK 
GCA 6 19 S13 637 Seo7 25a 7315) (LO, 82.6 
KkK* * RKK 
SCA 14 2eO2 Bin W/ On32 thes Wh 1.59 Brel 
KEK ** k*K* 
RE 2X1), 0.82 Beh On45 2.4 On75 2h tl 
Error 23 O30 0.19 ORSi: 
GCA:SCA 9:1 PRT 16:1 
5X5 diallel cross 
KEK KKK KEK 
GCA 4 12325 ey 7/ 6.36 14.8 17.49 56.4 
KKK ** 
SCA 5 0.89 4.0 O52 ere OS Se4 
KKK KX REX 
RE 10 0.95 Ares 1.66 3.9 e385 6.0 
Error Si Oe22 0.43 Asal 
GCA:SCA 14:1 1237 ibrar 


* Significant of the 5% level 
** Significant of the 1% level 
*#* Significant of the 0.1% level 
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Table 18. Estimates of GCA effects for growth habit 


inja-=/ X- 7 and a 5 x *5/Giallelicross. 


(July) (July) 4 
1972 1973 Combined 
ee 


Y O28 FW Claweilikel Ciaage 


Clones 


1 1.00 0.75 0.87 
2 0.65 70.50 0.57 
3 -0.14 -0.02 -0.08 
4 -0.69 -0.50 -0.60 
5 0.04 -0.29 -0.12 
6 Onis -0.05 0.03 
7 -0.97 -0.38 -0.68 
SE* ~ “ Ouck6'. eat 0.09 


aXe GhalL Lela eross 


1 O62 0.68 0.65 
If = Osco 5 =O 5S irene 
8 =—O7%52 =O%.39 =O 3'6 
9 -0.14 =O Og -0.08 
10 O.79 0.33 0.56 
SE* 0.14 On Lo O%12 


SE* = standard error of difference between any two 
GCA effects 
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Table 19. 


SCA effects 


Reciprocal effects 


Estimates of SCA and reciprocal effects for 


growth habit in a 7x7 diallel cross, 


2 10)| 


ie ee een neeeeneltted Oa ne a ee 


Crosses 


en CES 
(July) 


1972 


(July) 


Combined 


(July) 
au LOZ? 


(July) 


Combined 


1973 19.3 


7X7 diallel cross 
rte ee OSS) 


1X2 
1x3 
1x4 
1X5 
1X6 
AKT, 


2X3 
2x4 
2x5 


2X6 
2X7 
3X4 
3X5 
3X6 
3X7 
4X5 
4x6 
4X7 
5X6 
=).G| 
6X7 


SE (1) 
SE (2) 


5X5 diallel cross 
=So_ Gtaitel cross 


1X7 
1X8 
1x9 
1X10 
7X8 
7X9 
7X10 
8x9 
8X10 
9X10 


SE.(1) 
SE (2) 


0.73 
=0..29 
0.26 
=-0'..05 
0.05 
0.76 


0.64 
O71 
On 67 


0.34 
Oes2 
-0.04 
0.14 
=—O.523 
“0352 
=0.14 
0.20 
-0.40 
Or. St 
0.40 
=0".76 


0.24 
O7Zi 


0.37 
On24 
=O/enbeL 
-0.46 
-0. 32 
=O.015 
0.10 
0.43 
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=O). 16 
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(ely Blane vnerone ((Tables/20 = 923) 

For both years or environments, the genetic differences 
in the Fis were appreciable for plant Hergne’ (Table 20)... 
Generally, the mean squares of GCA were Significant and were 
larger than the mean squares of SCA or RE. The ratio of GCA 
to SCA indicated that larger genetic variance for plant 
height was obtained in the following year (July 1973) as 
compared to the year of establishment (July LOT 2 ie Shas 
result was demonstrated in both diallel cross populations 
for which data were recorded. The estimates of GCA effects 
in the 7 x 7 diallel cross showed that progenies of clone 1 
was shorter in plant height (negative GCA effects) whereas 
the progenies of clones 3 and 6 were taller (positive GCA 
etfects)X(Table 21). Likewise, in the 5 <'5 diallel cross 
the progenies of clones 1 and 9 were shorter while those of 
clone 8 were taller. Also a study of the GCA effects for 
both environments indicated that genotype x environment 
interactions were appreciable. In the year of establishment 
progenies of clones 4,5,6, 7 and 8 were shorter but were 
generally taller in the following year. On the other hand, 
progenies of clones 2, 3 and 10 were taller but tended to 


be shorter in the following year. 


Estimates of SCA effects showed that five Fis were tall 
plants in both environments (Table 22). These were crosses 
tee 2 So ao o. and: 5 <e7- ain the 7 <8 Judialier cross; and 
te LO. anvtiie 5 x 5 diallel cress populations. The recipro- 


cal differences of 3 x 4 and 3 x 6 were appreciable. 
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Table 20. Mean squares and F-test for the combining 
ability of plant height in a’ 7 X 7 and 


a 5 X 5 diallel cross 


Se a ee ee ee ee eee 


(July) (July) 
Source df 1972 1973 Combined 


MS ie MS iB MS 1 
SG Se am se aac cS sectoral cS eS 


7 X 7 diallel cross 


KKK K*E* KKK 
GCA 6 116 Hes 1053 GF 8} 626 ALS 5S 
* * 
SCA 14 Sil 1.9 91 5 79 1.9 
KkK*X * KX 
RE Zi 53 363 109 128 104 DoS 
ERROR 28} 16 59 4l 
GCA:SCA 4:1 Dion: 8:1 
5 X 5 diallel cross 
: * KK KKX 
GCA 4 36 BS 555 20.6 258 ORS 
xx ** * 
SCA 5 53 Sha {8} 105 3.9 62 Zed 
KK KEK 
RE 10 6 0.4 209 Usd 101 4.0 
ERROR y7/ 14 AT) AS 
GCA:SCA 1:1 Byepl: 4:1 


* Significant at the 5% level 
** Significant at the 1% level 
*#*% Significant at the 0.1% level 
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Table 21. Estimates of GCA effects for plant height 


in a 7 X 7 and a 5 X 5 diallel cross 


5 TS Ae DU aa ESE oO aaa LEERY AE DT Neer eae ee 


(July) (July) 
Clones 1372 1973 Combined 


7 X 7 diallel cross 


1 -1.50 -10.90 -6.21 
2 1655 -0.64 0.46 
3 2.62 0.31 1.16 
4 -2.23 3.81 0.79 
5 -0.23 2.94 1.36 
6 0.52 3.74 2.13 
7 -0.73 1.34 0.31 
SE* Ae 1.84 he 


5 X 5 diallel cross 


SE* 


7 = OZ SA) 0.84 
8 -0.08 6533 Nes 
=) On95 ey efi) =O7.19 
10 1.43 eS 0.04 
SE* 1.04 1.50 L502 
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Estimates of SCA and reciprocal effects for 


Table 22. 


plant height in a 7X7 and a 5x5 diallel cross 


population. 


Reciprocal effects 


(July) 


SCA effects 


(July) 


(July) 
TOPS Combined OR iIsys' Combined 


(July) 


oa 


Crosses 


7X7 diallel cross 


¥.6 


1X2 


4.6 


pe 3) 


Sul. oft 2125 


1X3 


1x4 
1X5 


=7:.9 


O..1 
=-O759 


-2.7 


a ee) 


1X6 


33 


hind 


1X7 
2X3 
2X4 
2X5 
2X6 
2X7 
3X4 
3X5 


-5.4 


-2.5 


=i 50 


4 


-5 


LO 
-3.0 


=3,0 


ee 


wat Bry S) 


-0.4 


-4.4 


3X6 


0.9 


=1.4 


AS) 


3X7 
4x5 


~1L55 


4X6 
4X7 
5X6 
5X7 
6X7 


0.9 


-0.4 


Sal a: 


1.4 
O50 


0.5 
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Leo 


SE (1) 
SE (2) 


3.0 
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4.2 


=—250 OFZ 1.8 
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-0 


1X10 


7.0 
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(£)ig Days. tohslowers (Tables .23.-%25) 

For the combining ability Study, only days to flower 
(lst flower) was considered. The results of the duration 
of lst and 10th flower were similar .and their correlations 
for both years were highly Significant (see Association of 
.Characters, Table 32), For days to flower (lst flower), 
the mean squares for GCA were Significant for both environ- 
ments in the 7 x 7 and 5 x 5 diallel crosses (Pable,23). 
Significant SCA and RE mean squares were also obtained in 
the year of establishment and in the following year in the 
birt eiediakleloress) +ForvkhesS-x.5 dialiel enoss, Only 
Significant mean squares for SCA and RE were obtained for 
environments in the following year. —Generativ, the mean 
Squares of GCA were larger than the SCA. Greater genetic 
differences in the Fis were obtained in the year of estab- 
lishment, since the.ratio of GCA to SCA were largest. 
Estimates of GCA effects showed a general Tek of consistency 
in the ranking of GCA effects for both environments (Table 
24).-\For’the 7 x 7 diallél cross progenies of clones 1 and 
2 were early flowering (negative GCA effects) while those 
OF clones, 45,6 and 7 were Late flowering (positive GCA 
effects) in the year of establishment. In the following 
year this situation was reversed. Likewise in the 5 x 5 
diallel cross, progenies of clones 1 and 8 were early 
flowering whereas those of clones 7 and 9 were late 


flowering in the year of establishment. Similarly, in the 
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following year, the situation was reversed. Estimates of 
SCA effects showed tfreresee Fis were consistently early 
flowering and five Fis were consistently late flowering 
(Table 25). These were crosses 3 x 6 RPS 7 (and 5.x 6°.in 
Ene J **F diallel ieross; and 1'x'7 ana x 10 in the, 5..41:5 
diallel cross for early flowering. The late flowering were 
eae toe eyed xl G6 'dux 10) and) S) 6010 ane khe two 
diallel cross populations. Of these Fis only two crosses 
were large in reciprocal differences. These were 1 x y) 

and 2 x 5-in the 7.x 7 diallel cross. Their reciprocal 


effects were largest in the year of establishment. 
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Table 23. Mean squares and F-test for combining ability 
of days to flowering in a7xX7andas5 XS 


diallel cross 


ene a a 


(July) (July) : 
1972 1973 compsned 
Source df MS F MS F MS F 


ea a UO ere 


7 X 7 diallel cross 


K*K* K*K* KKK 
GCA 6 601 Ziad 144 10.8 181 6.0 
i * ** 
SCA 14 42 1.9 33 Deals 42 ie 
* ** 
RE Zi 41 1.9 30 De 45 re 
ERROR 123 DP 13 30 
GCA:SCA Syed A 4:1 
5 X 5 diallel cross 
K*K* et REX 
GCA 4 459 20.9 91 1 5 400 28.6 
KKX ** 
SCA 5 S35 1.6 40 Dol f 49 S05 
KE* 
RE 10 29 ike} 23 3.8 16 Algal 
ERROR S7/ 22 6 14 
GCA: SCA ivsieal PAYAL 831 


* = significant at the 53 level 


* 
* 
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significant at the 1% level 


KKK 


significant at the 0.1% level 
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Table 24. Estimates of GCA effects for days to flowering 


SniAes sXe and wa SxS diallel cross 


Spe a EE TE 


(July) (July) 
Clones 1972 1973 Combined 
7 X 7 diallel cross 
At -7.93 1.48 -3.22 
2 -2.21 2.84 0.31 
3 134 UoAil 1.28 
4 1.97 -1.19 0.39 
5 1.82 -2.41 -0.30 
6 Sal y/ -1.39 0.89 
7 1.84 -0.54 0.65 
SE* eS 1.00 Orn 4 
5 X 5 diallel cross 
1 -6.03 1.48 -3.90 
iy 
7 6.00 -1.90 Ae si, 
8 -0.38 Peele! 1.26 
9 0.83 -0.41 0.20°* 
10 -0.08 -1.35 -1.03 
SE* 1.35 Ve TAL OWT 


SE* = Standard error of difference between any two GCA effects 
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Combined 
-1.3 
OF 

iS 


(July) 
1973 


Reciprocal effects 
=150 


(July) 
US) 

-2.6 
DFS 


Combined 
-2.2 


(July) 
Loss 
1.6 
Lee 

a2. 


Estimates of SCA and reciprocal effects for 
=1,5 


days to flowering in a 7X7 and a 5x5 diallel 


cross population, 


SCA effects 


Table 25, 
(July) 
1972 
7X7 diallel cross 
-4, 
175 
O77 
-0.2 


Crosses 
1X2 
1x3 
1x5 
1X6 
1),<7/ 
2X3 
2X4 
2x5 


1x4 


-1.9 


“I 


=220 
=1.4 
=-0,.0 
cod Np 
1.5 
=L.2 
=Oe 


iss 
-2.0 

1.9 
=O. 1 
18) 
mA 


6.43 
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=1 0 
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~0.9 
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-0.9 
0.0 
1.4 


PA? 
=059 
O53 
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-1.7 
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al eg 
=-1.6 
Zien 


5X5 diallel cross 


2X6 
2X7 
3X4 
3X5 
3X6 
3X7 
4x5 
4X6 
4X7 
5X6 
5X7 
6X7 
1X7 
1X8 
1x9 
1X10 
7X8 
7X9 
7X10 
8x9 
8X10 
9X10 
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(g) Leaflet area and Specific leaf weight (Tables 26-28) 

For both the leaflet area and specific leaf weight 
(SLW) the mean sguares due to GCA were significant and were 
more important than SCA or RE (Table Z6)o05 Lits was 
consistent for both stages of sampling. Greater genetic 
Variability for both characters was obtained at Stage IT. 
Estimates of GCA effects for both characters were 
presented in Table 27. Progenies of clones 1 and 2 were 
larger in leaflet area (positive GCA effects) while 
progenies’ of clones 4,.6 and 7 were smaller in leaflet 
area (negative GCA effects). In the case of specific leaf 
weight (SLW), progenies of clones 1, 2 and 7 were higher 
in SLW whereas those of clones 4, 5 and 6 were lower in 
SLW. Estimates of SCA effects indicated four Fis that 
combined larger leaflet area aces higher SLW. These were 


crosses 1 x 2, 2 x-3, 3 x 5 and 6 x 7 (Table 28)’. 


F cat 


tary 
7 
' 


ce NS ar 
i) 
Late ) 
F bigd 
e ¢ 


1] 


~Raceds 


ea: fark alana 


ads al 


a a. 


ie tw a sea 

‘ e “i ro 
te bie abd 
oe tine Bae: aun 
in. 4 a. deviate Loum 
eae. ane Gvisnpent | 
pis te romana aah 
oat im gehabt sein 
ao 6 te Iossitans 
LOnm oe met nae 


ab Re at 


rt ~ “s 
qe 
t : y ¥ 
iy 
“f 
- 
ry camps 
. 
i q ’ 
Ly , 
A 
‘) 7 
hh 
i . is mr) | I 4 


y j a) ta 
Pen Worth 


‘ f 
ns eS ; ' , i, 1 
(, Cy : \ ipa 


Table 26. Mean squares and F-test for the combining 
ability of leaflet area and specific leaf 
weight (SLW) in a 7X7 diallel cross. 
"seman mr espana Sega gaa ee a 
Stage I Stage II 
(August) (September) Combined 


Source at 


Leaflet area 
SS ee SS 


KK KKK KKK 

GCA 6 1.47 16,3 0.38 8) 8! 5 AS 7) 

KKK 

SCA 14 O}dal Wee 0.14 1S 0.20 2) 

KX 

RE 2a ORe4 WA O13 alee: 0.20 PH 3S) 
Error 1123 0.09 ORs Ones 
GCA:SCA kee al Sic Tk 6:1 

Specific Leaf Weight 
(SLW) 

kk se kK 

GCA 6 0.66 348 O73 Ata 

3 + : Kk 

SCA 14 0.28 IG O45 PPS) 

RE DT O221 Tay si 0.24 ce 
Error AS} Orla, 07.22 0223 
GCA:SCA 4:1 _ ot 


+ Non-significant mean squares of single crosses for which no 
partitioning of combining ability was performed. 


Gye 2, ** Significant’ at the 5%¢, 1% and 0.1¢ Jevel respectively 
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Table 27. Estimates of GCA effects for leaflet area 


and specific leaf weight (SLW) in a 7x 7 


cross. 
i 
Stage 1 Stage 2 
Clones (Aug. ) (Sept. ) Combined 


ne a 


Leaflet area 


d. 0.319 10120 0.169 
2 0.108 0.106 laren Na beg 
& 0.016 0.099 05057 
4 = O26 Os sles =07145 
5 0.075 0.109 0.092 
6 =0..087 -0.186 =O,147 
i =O 209 -0.083 -0.144 
SE* 0.067 Chel Oe 0.042 
Specific Leaf Weight 
a 0.094 - 0.146 
Zz 0.090 - 0.134 
3 OOS ~ 0.006 
4 =0)176 - =Ou2 35 
3 =07.019 - -0.041 
6 -0.114 - =O 2530 
7 OLE? z O38 
SE* 0.094 0.102 


SE* = standard error of difference between two GCA effects 
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Table 28. Estimates of SCA effects for leaflet area 
(upper diagonal) and specific leaf weight 
(lower diagonal) for stages I and II combined 
in a 7X7 diallel cross, 
SSE IGE GCS Regeery seem tpg er oeeerae ae ee 
Clones 
ie re 


Clones Al 2 3 4 5 6 7 
Oa ene 8 = 
1 - 0.20 =07.15 =O. OLb 0.00 0.14 -0.18 
2 0.159 ~ 0.24 -0.18 0305 -0.23 -0.08 
3 0.10 0. 32 - =0 .32 0.28 -0.05 0.00 
4 eOc 30 -0.24 0.02 - 0.05 OV O32 
5 -0.23 -0.66 0.36 0.30 - SARS =O 23 
6 0.05 O225 = Oe LS =O 2. +007, - Oc 
ie =O L7 a =O0)/ =On O. 0.05 0235 = 
re et 
Lower diagonal Upper diagonal 
SE(1) = 0.20 SE(1) = 0.19 
SE(2) = 0.18 . SE(2) = 0.15 
SE(1) = standard error of the difference between any two SCA effects 


with one parental line in common. 


SE(2) = standard error of the difference between any two SCA effects 


with no parental line in common. 
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2. Assoetation of characters. The results from 
this study were set out in the order: (a) association of 
the same character between environments; (b) association 
between characters; (c) stepwise multiple regression; and 


(d) factor analysis. 


(a) Association of the same character between 
environments (Tables 29-30) 

Forage yield in the greenhouse was positively cor- 
related with field harvest in July 1973 (Table Soe mW eh 
three exceptions forage yield for different harvest dates 
in the field were closely correlated with one another. 
Highest correlations were obtained for forage yield of the 
two harvest dates within a year. Significant negative cor- 
relations were found for spring and fall vigor in 1973 
(Table 30). Frost tolerance, growth habit and the plant's 
height in 1972 and 1973 were positively correlated. 
However, plant height, measured in the greenhouse, was 
Significantly correlated only with plant height observed 


Ey thew teld can 1972: 


tf 


art ena ‘f Mex ty oe t 
Any a so 
va roa te: Leal as a 
4 6 iat Ue ia)” ye dvi - F 


factus rey: D ata tate: tia ees 


Ss pe 


sre sabia eer : 
lta get, 
eT airing 


4 
+s 4 | | 
} s, PA : ye | ‘ 
‘ M,,, a . 

: ; ig 
_ \ _ z 

- ; qr re 

_ as 

¥ a : 
J | ’ 7 i 
x ‘ 
x \s : ' 7 i ? 
' ; : | 
i 
| , | 
i 
\ 7 = 
ak 
oe .  ’ 
mae 
. i ’ \ j 7 
a a 
/e f ’ ‘. 
p- baie i i] oo Lay ff . a 


i2 


Table 29. Simple correlation coefficients for forage yield 


between environments (n=168). 


rr Sener essen npeneennnareseensnenaenectesenaenesapemeerr 


(July) (July) (Sept) (July) (Sept) Greenhouse 

1972 1973 1973 1974 1974 (1971/72) 
a a 

** * KR 
(July) 1972 O27, OS17 0.04 -0.05 0.39 
** ** 
(July) 1973 0.68 0.46 -0.05 -0.02 
*R* * 
(Sept) 1973 0.34 0.18 0.02 
** 

(July) 1974 0.28 -0.09 
(Sept) 1974 0.08 
(Greenhouse) 
1971/72 


*, ** Significant at the 5% and 1% level respectively. 
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Table 30. Simple correlation coefficients for the same 


character between environments (n=168) 
Sinaia imemnmee mcememnipsmememes ares a ee 
Correlation 


Comparisons Coefficients (r) 


en ph 


Vigor 1972 (July) vs 1973 (July) 0.10 
Kk 
1972 (July) vs 1973 (Sept) 0.21 
*k* 
1973 (July) vs 1973 (Sept) =0),.35 
Frost kk 
Tolerance 1972 (Sept) vs 1973 (Sept) Uno5 
Growth kk 
Habit 1972 (July) vs 1973 (July) 0.65 
Plant ** 
Height 1972. (July) vs 1973 (July) OL2 i 
1972 (July) vs 1971 (Greenhouse) 0.34 
1973 (July) vs 1971 (Greenhouse) -0.09 
Days to 
Flower 
(lst flower.) LO 72 (SULLY)? VS 03973 (duly) -0.03 
Days to 
Flower . 
(10th flower) 1972 (July) vs 1973 (July) -0.13 
*K* 
Leaflet Area Stage I vs Stage II 0.39 
Specific Leaf var 
Weight (SLW) Stage I vs Stage II LO yap 93 


a erence 


* *x* 


’ Significant at the 5% and 1% level respectively. 
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(b) Association between characters (Tables 31-33) 

Plant height, measured in the greenhouse, was 
Significantly correlated with forage yield (July) in the 
field (Table 31). Likewise, leaflet area (Stage I) was 
Significantly correlated with forage yield each year. 
Both plant height and leaflet area- (Stage I) were also 
correlated with vigor and growth habit. Non-significant 
correlations were obtained for both leaflet area (Stage 
II) and specific leaf weight with forage yield, vigor and 


growth habit. 


Simple correlation coefficients for various characters 
studied within a year were set out in Table 32. Generally, 
the correlation between two characters was similar in 1972 
and 973.) in most Gases’, “tite strength of this association 
improved in 1973 showing that closer correlations could be 
obtained at this stage of growth. Because the days to the 
first and tenth flower in each year was significantly cor- 
related, the tenth flower was eliminated from the combining 


ability studies. 


Genotypic correlation ee between characters from the - 
data of 7-clone and 5-clone diallels were similar (Table 
33). With the exception of days to flower, the genotypic 
correlations for most characters were significant. Thus, 
high yielding plants were generally good in vigor and frost 


tolerance. |The Significantly positive COLbelation of plawt 
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height with forage yield, and the negative correlation of 
growth habit with forage yield, indicated that higher 
yielding plants were bigger in size but prostrate in growth 


habit’. 
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Table 33. 


Forage yield 
Vigor 


Frost 
Tolerance 


Growth 
Habit 

Plant 
Height 

Days to 
Flower (lst) 


Days to 
Flower (10th) 


Genotypic correlation (© g) between characters 


in 1972 and 1973 from a 7X7 diallel cross 


(upper diagonal, n=42) and a 5x5 diallel cross 


(lower diagonal, n=20). 


Forage 
Yield 


0225 


Vigor 


ze Significant at the 5% level 


adil Significant at the 1% level 


Frost 


Growth 


Tolerance Habit 


R* 
0.78 


kk 
0.68 


0.38 


ak 
=0533 


xk 
=0.67 


=0.20 


Days to 
Plant Flower 
Height (lst) 
e* 
OF73 O229 


kk 
0.89 Onis 


0.41 0.30 
* 
-0.49 -0.44 
= Oso 
0.24 = 
ak 
0515 0.69 
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Days to 
Flower 
(10th) 


0.05 


—O29 


=O .11 


0.32 


ay 


avon oft eyed 
wicl? soos 
107) (def) 


2.0 | EO 


Lod BBO 


(c) Stepwise multiple regression (Tables 34-35) 


Regressing the results from the greenhouse and field 
(1972)' on forage| yield of July 1973 demonstrated that 
growth habit (Xi), forage yield (X) 4 days to flower - 
lst flower (X,) and frost tolerance (X,) were the most 
important predictors of torage yield for July 1973: (Table 
34). Together Phat accounted for 50% of the variability 
for forage yield per plot. When all the remaining 
variables were forced into the regression, only an 
additional 122:-of the total variability was explained. 
Thus the remaining variables like days to flower, vigor, 
height and greenhouse measurements, were not important as 
predictors. Therefore a good estimate for forage yield of 
July 1973 could be made from a multiple regression: 


ha 05 20 eB AX.) |p 2.29X, ae elpe ter GN ac da UNO pea Ow. < 


i 3 4 

(R* = 0.50). Likewise for data of 1973 and 1974 (morpho- 
logical characters only), fitting most of the agronomic 
characters could explain 91% of the variability for forage 
yield of July 1973 (Table 35). Since all other characters 
only accounted for 9% of the total variability, this study 
Clearly indicated that leaflet area, specific leaf weight 


and days to flower were not important predictors for forage 


yield. The best multiple regression in this case was: 
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Y = 170.44 + 24.86X, > 38.32X,, + ches = 15.64x, 1 0.55X, 
“9.64%, + 9.94x., iS O91) 

where x = spring vigor, Xx, = growth habit, X4 = plant 

height, x, ae tis WEAR aie (op aay x, = (forage yield, Xe = winter 

Survival, and X. = frost tolerance. 
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Table 34. Partial regression coefficients of characters from 
greenhouse and field (1972) on forage yield of July 
in 1973 in the order introduced in the stepwise 


multiple regression (n=168) 


RES LE jeanne ate cs 
a eee eee ee 


Step Step 
4 9 
nati 
: EK KE 
1. Growth habit (July 1972) -29.84 =35.29 
KKK K*KE 
2. Forage yield (July 1972) 2.29 1.97 
3. Days to flower (1st flower, Beis a 
1972) BIR, 8.38 
Kk * 
4. Frost tolerance (Sept. 1972) 40 .20 35.60 
5. Days to flower (10th flower 
1972) - 4.70 
6. Forage yield (greenhouse) 200k 
7. Plant height (greenhouse) = 0,49 
8. Vigor (July 1972) 0.69 
9. Plant height (July 1972) Z2O,L0 
Intercept -208.01 -168.11 
Re ae a en tele Se Sane eee Ieee An Seen enna ens ee 
2 
R 0.50 O55) 


rN I OA ee ee 
*~ Significant of the 5% level 


a* Signifticantsot the .1%. level 
*&** Significant of the 0.1% level 
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Table 35. Partial regression coefficients of characters from 


field (1973) and morphological characters in 1974 


on forage yield of July 1973 in the orders introduced 


in the stepwise multiple regression (n=168). 


Oe ee re ee 


Spring vigor (July 1973) 
Growth habit (July 1973) 
Plant height (July 1973) 


Fall vigor (Sept. 1973) 
Forage yield Sept. 1973) 


Winter survival (1972/74) 


Frost tolerance (Sept. 1973) 
leaflet area (Stage I) 
Days to flower (10th flower) 
leaflet area (Stage ITI) 


Days to flower (Ist flower) 


Specific leaf weight (Stage IT) 


Intercept 


Significant of the 5% level 
Significant of the 1% level 


Significant of the 0.1% level 


Step Step 
7 di2 
KEK kk 
24.86 23699 
“KKK KK 
=36 32 —Sk3}5 INS 
KK KKK 
2.30 35o5 
kK ke*k* 
=15364 =16,0¢ 
KKK R*K*K 
0.35 0.58 
kk * 
i G4 =i. '65 
* 
9.94 LO373 
0.83 
2232 
2.07 
= OF 22 
S325 
170.44 135.28 


0.910 0.913 
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(d) Factor analysis (Tables 36 - 37) 

The factor loadings, communalities and percentage 
variability of each factor in a varimax rotated matrix 
are presented in Tables 36 and 37. Table 36 consisted of 
characters measured in the greenhouse (i.e. plant height 
and forage yield) and in the field during the year of 
establishment. Table 37 involved characters studied in 
the following year and included leaflet area and specific 


leaf weight. 


Three common causative influences (factors) were 
distinguished which could explain the structural inter- 
relationships for characters measured in the greenhouse 
and in the field (1972). Together these three factors 
accounted for 71% of the total variability. Factor 1 was 
the causative influence for "establishment" and it consisted 
of days to flower and greenhouse height and yield measure- 
ments. This was the most important eager since, Tt 
accounted for 32% of the total variability. Factor 2 was 
involved with "survival" and it contained characters such 
as frost tolerance and growth habit. Together these two 
Characters accounted for 20% of the variability. Factor 3 
was the underlying force for "vigor" since it was made up 
See such as vigor, plant height and forage yield. 


These characters accounted for 19% of the variability. 


In the following year, however, the grouping of the 
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characters into factors changed slightly. Four factors 
were extracted, and together they accounted for 75% of the 
total variability. Factor 1 which described "vigor" was 
most important since it accounted for 34% of the total 
variability. Factor 2 was concerned with "survival" and 
it accounted for ie OLetne Variation... Factor 3 and 4 were 
equally important and each accounted for 11% of the total 
variability. Factor 3 involved "solar interception" and 
contained the two stages of leaflet area. Factor 4 
described the two stages of specific leaf weight and 
appeared to be causative influence for "photosynthetic 


rate." 
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Table 36. A factor analysis for characters of greenhouse 
andi ¢aeld) (1972) in a 7X7 Giallel cross population 
of alfalfa (n=168). 


er i 


Factors 
set. pre ie tr ee hela, 
Communalities 1 2 3 


a 


Factor 1: Establishment 


Days to flower (lst flower) O76 ay, O27 -0.09 
Days to flower (10th flower) 0.76 -0.81 O25 -0.22 
Forage yield-Greenhouse 0.58 O87 3 Ore2 -0'.02 
Plant height-Greenhouse 0.48 0.66 -0.14 ONT, 


Factor 2: Survival 
Frost tolerance 0.86 O20] 0.93 07208 


Growth habit OLs7 0.42 =O .77 0.04 


Factor 3: Vigor 


Vigor 0 .7oMae feotie: O--Onks 0.86 
Plant height 0.74 0.41 0.08 0.75 
Forage yield 0.68 0.44 0.36 0.60 


Percentage of 
total variance Tek: 32 20 ils) 
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Table 37. A factor analysis for characters of 1973 and 
morphological characters of 1974 in a 7X7 diallel 
cross population of alfalfa (n=168). 


a 


Factors 


Communalities al 72 S 4 


Factor 1: Vigor 


Forage yield (Sept) 0.78 0287 0.14 -0.08 -0 .06 
Plant height (July) 0.84 0.86 -0.08 =07,30 =0;03 
Vigor (July) 0.87 0.86 =Oi29 =0,19 =Or OS 
Days to flower (10th flower) 0.76 -0..81 0.25 -0.22 -0.03 
Forage yield (July) 0.90 0.80 -0.45 =O58 =O7.13 
Days to flower (lst flower) 0755 =0..70 O12 =0.16 =O. 4 


Factor 2: Survival 


Fall vigor (Sept) 0.84 -0.08 0.90 6150 it E -0.12 
Frost tolerance (Sept) OLuLS ORR. -0.85 -0.05 =0.03 
Growth habit (July) 0.74 -0.57 0.68 0.04 0.10 


Factor 3: Solar Interception 


Leaflet area (Stage ITI) OSs -0.14 =O) 07 OFSL 0.29 
Leaflet area (Stage I) 0.74 0.01 0.39 0.74 OF 


Factor 4: Photosynthetic Rate 


Specific leaf weight (Stage I) (0) (897 -0.01 =Oroela -0.08 0.81 
Specific leaf weight (Stage ITI) 0.60 0.00 0.09 -0.05 Ont? 


Percentage of 
total variance TAS) 34 19 alot dal 
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3. Experimental synthetics. The analysis of variance 
with both locations combined, showed significant mean 
Square values (P=0.001) for the synthetic populations 
(Table 38). Although the variation due to location was 
greatest, it did not mask the differences among the 
Synthetic populations. This was shown by the significant 

Synthetics x Location interactions, (P=0.01).. Highly 
Significant mean squares (P=0.001) were obtained when the 
Synthetic populations were compared at each location (Table 
39). This showed that the differences were substantial 


between the synthetic populations at each location. 


Forage yield (grams of dry matter/plant) for the 
Synthetic populations at each location, or at. ldocations 
combined, demonstrated that both experimental synthetics 
from selected clones (5H and 2H) were Significantly higher 
in forage yield than either 'Rambler' or 5L - which was 
the experimental synthetic composed of clones inferior in 
general combining ability (Table 40). The same result was 
obtained at both locations. However, the data at one 
location (Parkland) indicated that two-clone synthetic (2H) 
was Significantly higher yielding than the five-clone 


synthetic (5h), 


The Fi yields (of the selected parents forming 5H, 2H 
and 5L) showed that plants from parents of 5H and 2H were 
generally higher yielding than those selected for 5L and 


also had better winter survival (Table 41).° 
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Table 38. Analysis of variance for forage yield (mean of two 
harvests) in four populations of synthetics at two 


locations. 


a 


Source df MS F 
ee a ee 
Replications i) 27,1 On 7 
: KKK 

Synthetics + 3 620.3 Zoe 
Error (a) 2a 24.6 

K*EK* 
Locations 1 16782 .0 488.1 

** 
Synthetics X Locations 3 145.7 4.3 
Error (b) 3)7/ 34.4 


ee 


Table 39. Analysis of variance for forage yield in four 


populations of synthetics at each location. 


—_— OO 


Locations 
Parkland Ellerslie 
MS F MS F 
ss 
** 
Replications 9 47.1 3.6 43.7 153 
**K* kR*K 
Synthetics t+ 3 Sols 2555 434.7 WA) 57) 
Error ZiT 130 34.2 


* Significant at the 5% level 
** Significant at the 1% level 
#** “Significant at the 0.1% level 


+ Synthetic populations included Rambler alfalfa 
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Table 40. Forage yield (grams of dry matter/plant) 
for synthetic populations at each location, 


and locations combined, in the year of establishment, 


a ee 


: Locations 
Populations 
Parkland Ellerslie Combined 
red a 
5H 30.0b 59 .1lab 44.6a 
2H 34.2a 62.9a 48.6a 
5 225100 56). 7) 38.9b 
"Rambler' 25..0'c¢ 47.4c 36.2b 


* Data represents mean of ten 12-plant replications which were 
averaged over two harvests. 
Means within a test followed by the same letter do not differ 
at the 5% level of significance based on Duncan's Multiple 


Range Test. 


+ 5H = experimented synthetics from five clones that were superior 


in GCA effects for forage yield. 


2H = experimental synthetics from two clones with Fs that were 


consistently superior in SCA effect for forage yield. 


5L = experimental synthetics from five clones that were inferior 


in GCA effects for forage yield. 
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Table 41. Forage yield and winter survival 


from Fis evaluated in 1972-74 


ee ee eee ee 


Mean of F_s SORA GS Winter Number of 
di yield o£ 
from parents survived plants Survival plants 


that formed (gin. Di MJ p Lane) bo 


rrr eeeeeeEeeeeeeSeSeSSSSSSSee 


5H PRES) 98 224 
2H 236 100 32 
5L 124 3.5 LAG 
Rambler £76 5 64 


Lewinstue 35 sae , 
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4. Stability of the single erosses (Tables 42-46) 

Analyses of variance for forage yield in the 7~clone 
and 5-clone diallels showed the mean square values due to 
Single crosses x environment interactions were significant 
(Table 42). Single crosses x environment interactions for 
the linear regression coefficients (i.e. Sc x Env (Linear) ) 
were also significant (Table 43). Partitioning the mean 
Squares of Sc x Env (linear) interactions into variation 
due to average performance: (General or G) and variation due 
to F.s (Specific or S) showed that G x Env (linear) inter- 
actions were more important than S x Env (linear) inter- 
actions. This indicated that, for both sets of diallels, 
the differences in regression coefficients were largely due 
to the additive gene action. The mean squares of S x Env 
(linear) interactions were significant in the 7-clone 
diallel. Hence, in the 7-clone diallel there is also 
evidence that the regression coefficients in the Fis 


differed because of non-additive gene action. 


The average performance of the clones in the two 
diallel crosses were presented in Table 44. All the 
regression coefficients were Significantly linear. The 
deviation mean squares from the regression line were small 
and non-Signifticant for all the clones. .Clone 6 was the 
most desirable genotype as it entice arore average 
performance, regression coefficient close to unity and 


minimum deviation mean square from regression (b=1.08, 
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S,= 6, X = 109% of average). Other genotypes that were 


Stable and above average in performance were clones iS 
f and So inecontrast,. clone. | was below average in 
performance and its deviation mean Square was relatively 


larger. Thus it was not as desirable as the above clones. 


There were ten Fis that were of above average perfor- 
mance in the 7-clone diallel (Table 45). of these, five 
Fis appeared most desirable since their regression coeffi- 
cients were close to unity and their deviation mean squares 
were non-significant. These crosses were 3 x Orpen 
AC 85 un KeGvand: 5 x J; iThe eros 3 X 6 waS most stable 
as it has a regression coefficient near unity (b=1.06, 
s = 320, X = 110% of average). ree GOntrast, the cross 
2x 7 was considered sours lacie unstable since its deviation 
mean Square was large and significant (b = 0.78, s=9892, 
Xi =1119s6£ average) . Generally, the cross 3 x 6 performed 
well in high yielding environment while 2 x 7 performed well 


in low yielding environment. 


Although the regression coefficients for all the Fis 
in the 5-clone diallel were significantly linear, the 
large and significant deviation mean squares from the 
regression made them unsuitable for use as stable geno- 
types (Table 46). There were seven Fis that were above 
average in performance. Of these only two could be considered 


as desirable since their deviation mean squares were non- 


Significant. These were crosses 7 x 8 and 7 x 9. 
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Table 42. Analysis of variance for forage in 7-clone 
and 5-clone diallels that were studied in 


8 environments in Edmonton. 


Oo ec | 


7-clone diallel 5-clone diallel 

Source af MS F df MS F 
KKE KEK 

Environments (Env) 7 440810 5250) 7 160540 G2e3 
i KEK KKK 

Single crosses (Sc) 20 20322 24.2 9 21263 PAS) 4 
KKK EK 

Se X Env 140 4107 4.9 63 4136 4.8 

Error 337 860 161 835 


*** Significant at the 0.1% level. 
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Analysis of variance for forage yield in 7-clone and 


5-clone diallels that were studied in 8 environments 


in Edmonton 


SARGERAS So Ee ee ee 


7-clone diallel 


S=cllone diallel 


pour ee af MS F df MS rR 
en a 
Env (linear) il 91960 al ASSO 
xXK*K Corie, 
Single crosses (Sc) 20 20322 23.6 9 21263 2525 
ke sk 
General (G) 6 61020 VAL se 4 45950 nO) 
RK* ob hes 
Specific (S) 14 2880 Shee 5 Sie) 103} 4.6 
KE KkK* 
Se X Env (linear) 20 94706 61.1 9 SD Sise 16.07 
KKK KEK 
G X Env (linear) 6 263451 ILO 2 4 80686 24.4 
Kk* 
S X Env (linear) 14 22386 1425 5 991 Ons 
RK* KKK 
Pooled deviations 126 1548 Ih & 60 3302 3.9 
Error Soi 860 KSA 835 


Env = Environments 


% Significant at the 5% level 


ct Significant at the 1% level 


KEK Significant at the 0.1% tevel 
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Table 44. Average clone performance in diallel crosses 


in Edmonton. 


te re 


Forage 
yield - 52 
(gm/p lant) b d 


TR I ee 


7-clone diallel 


Clone 4 202 ESAS: 210 
KkK* 

Clone 7 199 ISP A0) 136 
KKK 

Clone 6 197 OS 6 
KEK 

Clone 5 192 1.09 140 
K*K* 

Clone 3 181 0.92 158 
KKK 

Clone 2 172 0.91 632 
KKK 

Clone J 139 0.63 509 

Mean 183 1.00 


5-Clone diallel 


Clone 8 184 bel0 450 
a*K 

Clone 7 181 bo18 282 
KKK 

Clone 9 156 1.00 a Te By} 
kkK 

Clone 10 155 1.02 PSN 
KKK 

Clone 1 Lot 0.72 621 

Mean 161 1.00 


#**- “Significant iof the 0.1% level. 
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Table 45. Regression coefficients (upper diagonal) and 
mean square of deviation (lower diagonal) for 
each Fi) of 7-clone diallel over 8 environments 


in Edmonton. 


7 4 0.39 0.63 0.66 0.73 0.73 0.65 
+ + 
2 1274 e 0.67 1.26 0.75 0.74 0.78 
a+ 
3 911 259 x Cave eae a 1.06* 1.67 
* * 
4 976 3248 3461 eS 1.26 1.24 1.37 
+ a 
5 1126 686 939 450 a 1.24 backs 
6 1698 396 320 910 666 = 1.537 
* * * 
7 6410 9892 1189 2569 583 309 2 


All regression coefficients were Significantly linear. 
+. Mean forage yield above the average. 


** Significant of the 1% level. 
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Table 46. Regression coefficients (upper diagonal) and 
mean squares of deviation (lower diagonal) for 
each Fy of 5-clone diallel over 8 environments 


in Edmonton. 


me Re er a a ee 


Clones 
Sn 
Clones ik 7 8 9 10 
a ee ee ee 
+ 
i - 0.64 0.32 0.56 0.48 
* + 
7 5794 = 1.39: O70 0.82 
* + 
8 4585 1673 = 0.95 Otel 
* ** + 
9 2299 1566 3374 = 0.76: 
** ** ** ** 
10 3989 2542 3265 3927 = 


ae see na ee 


All regression coefficient were significantly linear. 
+ Mean forage yield above the average, 


** Significant at the 1% level. 
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Vv... “DISCUSSION 


The various aspects of this study were discussed in 
the following order: (1) General combining ability of the 
parental clones; (2) Genetic variability of the characters; 
(3) Association of Be ronemic Characters; (4) Association of 
eee area and SLW with forage yield; (5) Experimental 
Synthetics; (6) Stability of the Single crosses, and (7) 


General discussion. 


(1) General combintng abtlity of the parental clones. 
The thirteen clones were random selections from the thirteen 
cultivars of alfalfa which were selected aS representing a_ 
wide range of adaptation and genetic variation. In view of 
these wide differences the performance of the clones was not 
dissimilar from their pasthh tte: cultivars and the genetic 
differences between the thirteen clones were large for most 
of the characters studied. In the ae of forage yield, 
progenies of clones 1, 2, 10 and 13 were lower yielding 
while those of clones 4, 5, 6, 7 and 8 were higher yielding. 
Data collected from uniformity trials demonstrated that "Du 
Puits" and "Alfa" performed poorly under dryland condition 
in Western Canada, while "Rambler", "Grimm", "Beaver" and 
"Roamer" performed well (Heinrichs, 1969). Demonstration 
trials conducted in Edmonton (1970/72) showed similar 
results for the above cultivars (Dr. Walton, unpublished). 
Further me was found that "Berseem" was very winter suscep- 


tible and poor in forage yield while "Narrangansett" was 
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good in both winter survival and forage yield. Hence the 
inferior progenies of clone 1 (Berseem selection) and clone 
2 (Du Puits selection) were indicative of the genetic make- 
up of the cultivars from which they were selected. The same 
kind of association existed for the progenies of clone 4 
(Rambler selLecuroen), clone .5) (Grimm selection), clone 6 
(Beaver selection), clone 7 (Roamber selection) and clone 
8 (Narrangansett selection). Such results indicated that 
Past selection for these cultivars has been very effective 
in relation to their adaptation. The cultivars Rambler, 
Grimm, Beaver, Roamer and Narrangansett have been selected 
for their ability to adapt to the colder and drier parts of 
North America. In the initial Stages of breeding these 
cultivars, Medicago faleata L. was used to improve their 
Survival characteristics (Elliott and BObCOn A £970). in 
COntrast co) Enis, Berseem and Du Puits were cultivars 
produced in Sudan and France respectively and the environ- 
ments for which they were selected were relatively midd. 
Both cultivars belonged to the Flemish type and Hes generally 
poor in survival and forage yield when tested in Western 
Canada. A further indication of this clone-cultivar 
relationship could be obtained EOL Vigor, frost, tolerance, 
winter survival and growth habit. Progenies of clones 1 
and 2 were good in fall vigor, but poor in Spring vigox, 
frost tolerance, and winter survival, and erect in growth 
habit. These characteristics were well represented in both 


Berseem and Du Puits. Likewise, progenies of clones 0 med 
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and 8 were poor in fall vigor, but had good Spring:vigor, 
frost tolerance and winter survival, and a prostrate growth 
habit. These features were commonly observed in Rambler, 
Roamer and Narrangansett. The Similarity of clone-cultivar 
characters was also demonstrated by the leaflet area. 

Clones selected from Berseem and Du Puits produced progenies 
with a larger leaflet area, while those from Rambler, Beaver 
and Roamer gave progenies with narrow leaves or smaller 
leaflets. Such differences in leaflet area are well known 


characteristics of the respective cultivars. 


Since the combining abilities of clonal parents resembled 
their respective cultivars for most characters studied, it 
could be inferred that the problem of random drift associated 
with random selections might not be serious in this study. 
Thus, if the experiment were repeated with another set of 
random selections from these cultivars,’ similar’ results 


might be obtained. 


The existence of a substantial amount of genetic 
variability in this material presented an ideal situation 


for studying the gene action for various agronomic characters. 


(2) Genette vartabiltty of the characters. Almost all 
characters studied in the three diallel cross populations 
displayed appreciable genetic variability. For most 
characters the mean squares for replications were as large, 


or larger, than the mean squares for single crosses. This 
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would indicate that the genetic variability have been 
underestimated. Thus, if the differences between repli- 
cations were smaller, genetic variability could have been 
larger. Fertility and moisture could be important factors 
in influencing differences between ESO RLGCatLOns . Resa te 
on forage yield showed that plants performed poorly in 


Replication 4. 


A large part of the genetic variability seems to be 
influenced by additive gene action since the Hatios of GCA 
to SCA were generally large. Results of this nature are in 
agreement with those reported by many workers where it was 
shown that GCA was more important than SCA for various 
characters (Theurer and Elling, 1964; Wilcox and Wilsie, 
1964; Evans et al., 1969). The larger GCA in this study 
was due primarily to the wide genetic differences of the 
parental clones. In contrast to this,’ Singh and hesins 
(1971) reported substantially higher SCA in relation to CCA 
for various agronomic characters in their alfalfa population. 
In their case the parental clones had been selected for 
GCA, and this source of variation was therefore smaller 
than SCA. In view of the presence of a large GCA for each 
character, it should be possible to form synthetic popula- 
tions based on the genetic differences of the parental 
clones. Clones selected on the basis of Superior GCA could 
be used to form multi-clone synthetics, while those that 
exhibited high SCA could be cloned and used as parents for 


two-clone synthetics. 
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In an autotetraploid, the number of genotypes used 
should be large in order to characterize a population. 
Dessureaux (1959) pointed out that, in a two gene model, 

a minimum of 25 genotypes should be used. In the present 
Study, 32 plants or genotypes were used to describe an F, 

in the 7-clone and 5-clone diallels. However, in the 6-clone 
diallel, only 16 plants were involved in each Fi. Thus, 
‘some distortion of the GCA and SCA variances could be 
expected from using such a small population. Such changes 
might not be serious since the parental clones were of 
widely different origin. Thus, the variance of GCA would 


be larger than the variance of SCA for most characters. 


The ratio of GCA to SCA could also be used to determine 
the relative importance of a character in different environ- 
ments. This ratio was generally large for forage yield, 
vigor, growth habit ‘and plant height in the second year under 
field conditions. Thus selection at this Stage would be most 
effective since the plants were bigger and the correlations 
between various characters were larger than in the year of 
establishment. However, for days to flower the ratio was 
generally larger in the year of establishment. The results 
OfLe the combiningraba lity! and ees lolcats of characters 
Study showed the information on days to flower, recorded in 
the year of establishment, was not important for selection. 
This was because the progenies of certain clones, (especially 


Clones 1, 2 and 10) made rapid growth in response to the 
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warm weather and therefore came into flower earlier. 
However, in the following year the spring recovery of 

these plants were slower with the result that flowering 

was delayed. Consequently the correlation of days to 

flower between both years were poor. Also their Be cocis tion 
with plant height, frost tolerance and winter survival was 
inconsistent, ere Significantly positive in one year and 
Significantly negative in another. A factor analysis showed 
days to flower behaved differently in the two vVearse. "ine the 
year of establishment, days to flower was associated with 
factors that appeared to influence "establishment" and was 
not associated with factors that influence "vigor". 

However, in the following year, days to flower was grouped 
with forage yield, plant height and vigor and appeared to 

be under the causative influence that determine "vigor." 
Thus, selection for days to flower could be undertaken in 
the’ second: year In- contrast, selection for frost tolerance 
could be carried out in the year of establishment. Progenies 
of certain clones that were frost tolerant in the first year 
were also found to be frost tolerant in the following year. 
The correlation of this character between environments were 
positive and significant. Lower genetic variability for 
this be in the second year was due to substantial winter- 
killing of the frost susceptible plants in the 5-clone and 


6-clone diallels. 


In studying vigor in alfalfa, it is imperative that 
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the environment in which this character was measured be 
specified. This was due. to the marked difference in the 
spring and fall vigor for certain plants. The results from 
the three diallel cross populations indicated that progenies 
of these clones with good Spring vigor tended to be poor in 
the fall vigor. -On the other hand, there were also clones 
that gave progenies which combined poor spring vigor with 
excellent falk vigora- Suchaa relationship accounted for 

the significantly negative correlation of spring sand, fall 
vigor in the second year: Generally, those genotypes that 
were good in spring vigor and poor in fall vigor were found 
to be more frost tolerant, better in winter Survival and 
higher in forage yield. The development of spring and fall 
vigor was genetically controlled. Heinrichs (1958) found 

a Slower fall recovery after cutting (or poor fall vigor) 
and a higher level of carbohydrates in the roots to be 
closely associated with winter survival. Bitang-eo at. 
(1960) reported that plants which exhibited excellent fall 
vigor tended to be more susceptible to winter-killing. 

The results presented by these workers and the data set out 
here indicated that genotypes undergo physiological adjust- 
ment to the fall environment, produce less vegetative growth 
and so go into winter with better root reserves. It is also 
possible that as well as being associated with the winter 
survival, the root reserves of the plants were a factor 


concerned with the good spring vigor. 
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Leaflet area and specific leaf weight (SLW) were also 
appreciable in their genetic variabilities in the 7-clone 
diallel. The gene action for both characters was largely 
additive. The greater genetic variability Cbhserved at 
Stage I (early bud) pointed to the value of selection at 
this stage of growth. It was also observed that at Stage 
II (late bloom) he variation in leaflet area was substan- 
tial within each shoot. Similar results were reported by 
Other workers who showed that the leaflet area of a clone 
was not constant throughout the growing season (Delaney 
et al., 1974). However, it was also observed ralake emmy ay 
Spite of these changes in leaflet cueciehyy selnve) ehiWeleyenl h 
differences were maintained at various stages of growth 


(Delaney and Dobrenz, $974(b)).. 


Thus growth habit, spring vigor, fall Vigor, frost 
tolerance and plant height appeared to be among some of 
the most effective predictors of forage yield. With the 
exception of plant height, these characters were evaluated 
by the visual score ratings. Wilcox and Wilsie (1964) 
measured growth habit by dividing the height of the plant 
by its width. In the present study, such a measure of 
growth habit was found to be highly correlated to the 
visual score method. Various workers have used visual 


score ratings to study growth habit (Kehr and Gardner, 1960), 
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vigor (Carnahan et aty, 1960; Evans et OL, L966 
Sriwatanapongse and Wilsie, 1968) and frost tolerance 

(HITT et al. ; -1972) .* Since these characters are important 
in alfalfa, an objective approach in their evaluation 

might be useful. Spring and fall vigor in alfalfa could 

be measured by the width of the crown or HETOnND OF the 
Shoot. The correlation of these characters with visual 
score for vigor were generally good. A number of workers 
have used either width of the crown or plant height to 
measure vigor (Busbice and Wilsie, 1965; Evans et al., 1966; 
Hell er ais, 972). Such a method would overcome the 
differences resulting from the visual score ratings obtained 
by different persons. In general, where the genetic 
differences is small, it is important to use the objective 


method. 


A commercial stand of alfalfa is normally grown in 
competitive conditions established by solid seedlings. 
However, the results from this study only applies to non- 
competitive conditions in which spaced plants were used. 
Such an approach was undertaken since the amount of Fi 
seeds were limited. In fact, much work in breeding and 
genetics were carried out in noncompetitive conditions 
for this reason. Tysdal and Kiesselbach (1944) found an 
interaction between genotype and plant spacing for forage 
yield’ in alfalfa. “Theurer and Elling (1964) reported 


highly significant genotype x spacing interaction involving 
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seeded rows and plants on 18-inch centres. Santen results 
were also obtained by Pearson and Eline (1961), Rumbaugh 
(1963) ‘and Evans ‘et a2. (1966). In general, these workers 
concluded that spaced plantings were of little value in 
predicting solid seeding yields. Thus the results obtained 
for various characters in the present Study could only be 


confined to spaced plantings. 


(3) Assoetatiton of agronomte characters tn the Pos. 
Genotypic correlations indicated strong genetic associations 
between forage yield, vigor, growth habit, plant height and 
frost tolerance. In general, plants higher in forage yield 
tended to have excellent spring vigor, prostrate growth 
habit, were bigger in size and mateood frost tolerance. 
Such genetic association may not necessarily imply linkage 
between these traits. Indeed, characters like yield, vigor 
and winterhardiness are regarded aS being dependent on a 
large number of genes situated on Many, tf Now alia \of the 
chromosomes. Thus by selfing the Fis from divergent parents 
it would be possible to obtain recombinations of the above 
characters. The genotypes that are of value would be those 
that combined high forage yield with good fall WIGOr jl Erost: 
tolerance and winterhardiness. Theurer and Hlling 63) 
demonstrated that genotypes could be obtained in the F. 
with substantial fall growth and little affected by winter- 
Killing (although it was generally recognized that plants 


with good fall growth habit were more winter susceptible). 
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Likewise, Busbice and Wilsie (1965) found a number of Fs 
that were high in forage yield and at the same time good 

in fall vigor; Daday (1964) Studied the genetic association 
of fall vigor with winter survival and Suggested that the 
close relationship between poor fall vigor with good Tea 
Survival was not due to genetic linkage or pleitrophy but 

to independent eee niG Selection.) This uwould imply that 

it would be relatively easy to obtain a substantial number 
Of genotypes at the Fy Stage which would combine the 
attributes of forage yield, fall vigor, spring vigor, growth 
habit and winter survival. In the present study, there were 
nine Fis that showed good spring and fall Vigor. 9(OL these, 
four Fis were consistently superior in forage yield over 

the environments (i.e. 3 x DD oO etl eand 4 x Get je 
Also, a number of Fis eran the winter Susceptible parents 
were found to be frost tolerant and goodin tallevigor: 

The above results indicated that it would be possible to 
initiate a breeding program by using all the Fis with 
desirable characters to form a base population. A breeding 
program using recurrent selection for general combining 
ability could be undertaken to evaluate the progeny 
performance of the selected parents. Such a breeding 
program would be directed towards producing cultivars 
Suitable for use in Western Canada. Thus for hay production, 
it would be ideal to have a population of alfalfa which 
combined onean waa habit with good spring and fall Vigor, 


as well as good winter survival, frost tolerance and a high 
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forage yield. 


(4) Association De leap ler area and SLW wtth forage yield. 
The correlations of leaflet area and Specific leaf weight 
(SLW) with forage yield was generally poor. Only leaflet - 
area at the early bud stage was Significantly correlated 
with forage yield. The partial regression coefficient 
analysis showed that both leaflet area and SLW were of 
minor importance in influencing forage yields, (Further a 
factor analysis demonstrated that both characters were 
independent of each other and were determined by different 
underlying forces. Leaflet area for the two stages of 
sampling were grouped in a common factor that appeared to be 
a causative influence for "solar Maree pen while both 
Stages of SLW were contained in a factor that appeared to 
be responsible for "photosynthetic rate." Neither leaflet 
area nor SLW were associated with the factors for \"vigor" 
which was responsible for forage yield. Carlson et al. 
(1970) pointed out that yield could be increased by 
selecting for higher photosynthetic activity and appro- 
priate changes in morphology, as well as plant canopy 
and geometry. However, they also emphasized that a positive: 
relationship between photosynthetic rate and yield has yet 
to be established. Delaney and Dobrenz (1974(a)) studied 
the relationship of photosynthesis and y#eld-in alfalfa and 
poneduaed that photosynthetic rate was not an effective tool 
in selecting for higher rote yield. Photosynthetic rate, 


when expressed in unit leaf area or in unit leaf weight basis, 
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did not correlate well with forage yield. However, when 
it was expressed on a unit plant basis (EQMaccOunt FOr aL 
the leaves), the correlation with yield was highly signi- 
fiteant..., Such, an, estimate of photosynthetic rate was of 
little interest since it would be er iened by leaf 
numbers. lowever, Photosynthetic rate has been found to 
be highly correlated with SLW RDG 1 aney eu 0 bu 1 On 4: 
Delaney and Dobrenz, 1974(a)). In this study the lack of 
a Significant correlation of SLW and forage yield might be 
expected from the results obtained by Delaney and Dobrenz 
(1974(a)). It might thus be concluded that SLW, as well 
as leaflet area, were not limiting factors to forage yield 
in alfalfa. Low SLW and leaflet area in a plant, could, be 
compensated for by an increase te the total leaf area per 
plant. Theoretically, this situation would most likely 
persist until the optimal leaf area index is attained. 
Data obtained from other crops also leads to a similar 
conclusion. Hanson (1970) obtained a negative relation- 
ship between net photosynthesis and productivity in 
juvenile maize. He suggested that selection for yield 
based on photosynthetic rates, when expressed in unit leaf 
area, could result in lower yield. Although this study 
has shown SLW and leaflet area were heritable and could 

be changed by breeding, the relationship of these characters 


with forage yield needs to be investigated further. 


(5) Expertmental syntheties. The results from the 


experimental synthetics indicated that progenies from clones 
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selected for their superior combining abilities (5H and 
2H) performed significantly hecues than the check 
"Rambler.' Further, the Superiority of 5H and 2H over 

SL at both locations demonstrated that selection has been 
effective in increasing forage yield. The above results 
were substantiated by data from 1972-1974 for the three 
diallel cross populations. The data also showed that 

the F,Ss from parents selected to form 5H and 2H had good 
winter survival. Because these random selections have 
shown good winter survival, it could be inferred that 
"Rambler', '‘Roamer', "Beaver', "Grimm' and "Narrangansett' 
were sufficiently winterhardy for use as a source of 
genetic materials in synthesizing a new cultivar. The 
above cultivars have been selected for their winter 
Survival as well as forage yield (Odland and Skogly, 
HOSA ICOMeON et ud Lo, 1963;. Heinrichs, 1965; Heinrichs, 
1967). Thus a program that involved progeny testing 
would be effective in identifying the suitable clones for 


Synthesizing new cultivars for use in this area. 


There was some indication that two-clone synthetics 
could perform better than five-clone synthetics. This was 
Shown by the results of 2H and 5H in the year of establish- 
ment. Theurer and Elling (1964) ,; however, observed that 
two-clone synthetics were inferior to multi-clone synthetics 
ng advanced generations. On the other hand, Kehr et al. - 


(1961) reported that no differences in average performance 
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of two- and multi-clone synthetics. Theoretically, any 
two clones (selected on the basis of superior SCA in their 
F,) could produce two-clone synthetics that could perform 


as well as multi-clone synthetics. 


The parents for such two-clone synthetics should be 
highly self-sterile to ensure maximum cross pollination. 
Because inbreeding depression will eventually be introduced 
in advanced generation, two-clone Synthetics are seldom 
realized in practice. In corn breeding where it is 
possible to control the pollination mechanism, higher 
yields resulted from using any two inbreds that have been 


identified for their high SCA in the F.s. However, unlike 


ue 
corn, controlling the pollination mechanism in alfalfa is 
difficult. The alfalfa flowers are small, bisexual and, 
to some extent, self-fertile. Bradner and Childers (1968) 
and Pedersen and Stucker (1969) showed male-sterility 
could be found in alfalfa. Although hybrid seeds could 
be obtained by using such male-sterile flowers, seed 
production by this method remained low. This was pareLy 


due to the discriminating habit of the bees since male- 


Sterile plants are not attrative to them. 


In the present study, the choice of clones 4 and 7 
(selected from 'Rambler' and 'Roamer' respectively) to 
form two-clone synthetics was eae eens outcome of high 
SCA a Peaen for forage yield in their Fy in, 1972=73;. 


However, there were also eleven Fis which were high in SCA 
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effects for forage yield over the environments in bOJ2=74,. 
Their performance was generally heseer than the checks 
"Rambler' or 'Roamer'. Because the parental clones for 
some of these Fis came from the Flemish type (LL Bate Du 
Putts ,b°U67/126" and "Bendelebener'), such results clearly 
demonstrated that improvement in forage yield could be 
Obtained by increasing the range of genetic material used. 
Further, by introducing germ plasm from the Flemish types, 
it might be possible to improve fall vigor in the materials 
Selected from the Canadian cultivars. This was shown by 
the higher forage yield (second harvest) and good fall 
vigor for some of the Fis from these two sources of 


genetic materials. 


Most cultivars of alfalfa used in Canada are the Sesult 
of multi-clone synthetics. Generally, at least four parents 
are required to prevent excessive inbreeding in advanced 
generation, and more than four would be required when the 
parents are partly inbred (Busbice et al., 1972). Although 
multi-clone synthetics are inferior to two-clone synthetics 
for forage yield in the first generation, multi-clone 
Synthetics often prove superior as the generations advance 
(iheurer tand: Elidang,; 11964 ; "davis, LOA RS “Kinman and 
Sprague (1945) recognized that a close relationship existed 
between the number of parents, their combining abilities, 
avidosiala in advanced generation. Generally, as more 


parents are included in Synthetics, there is less yield 
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depression in advanced generation. However, with a greater 
number of parents included it feecas Gi Gticulteio select 
parents that combine well with each other. It does appear 
that the present method of identifying a limited number of 
Clones by diallel cross analysis will be useful. [In 
synthesizing a cultivar of alfalfa, selected parents should 
be superior in general combining ability as well as being 


unrelated to one another. 


CO) eeravtitty of the single crosses. Stability of 
single crosses in diallel cross populations provides an 
Opportunity for investigating the extent to which the 
statistic b (regression coefficient) is under genetical 
control. Eberhart and Russell (1969) demonstrated that 
genetic differences among lines of corn were reflected by 
their regression coefficient on the environmental index, 
and that such differences were largely influenced by 
additive gene action. There was no evidence of non- 
additive gene action. In this study; a similar. result was 
Obtained in the 5-clone diallel. However, in the 7-clone 
diallel, both the additive and non-additive gene actions 
affected the regression coefficient. The importance of 
non-additive gene action in this diallel cross was due to 
the large difference in the regression coefficients for 
progenies of clones 1 and 2 when compared to progenies of 
eee 4, 5, 6 and 7. The regression coefficients for 


progenies of clones 4, 5, 6 and 7 were generally higher 
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since these genotypes could perform better in the higher 
yielding environment. As in the 5-clone diallel, the 
additive gene action in the 7-clone diallel was much 

larger than the non~-additive genevaction. |\FSuchsrvesubis 
indicate that the regression coefficient (b), which was 
used to describe general stability, was under genetical 
control: Taken together, the two diallel crosses contained 
five parents (clone- 4, 5, 6, 7 and 8) that were generally 
Stable and of above average performance. Their regression 
coefficients were significantly linear and close to matty, 
while their respective deviation mean Squares were either 
small or non-significant. Stability of these clones could 
be attributed to better adaptation since they were selected 


from cultivars that were bred in Canada. 


Taliaferro et al. (1973) studied forage yield for 14 
cultivars of alfalfa harvested over three years at each of 
the five locations in Oklahoma. They found Significant 
cultivar x location x year interaction, while cultivar x 
location and cultivar x year interactions were non- 
Significant. They thus concluded that genotype x environ- 
ment tenteraction of (this nature was not attributed to 
either year or location effects. It was due to the unigue 
feature of each environment which could involve factors 
such as soil moisture, soil fertility, temperature, 
humidity, biotic factors (animals, pathogens, weeds, etc.) 


or any other factor that makes up the environment. Thus, 
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in describing stability, it is important to include 
‘Specific instability as measured by deviation mean square 
from regression. -Eberhart and Russell (1969) pointed out 
the value of this parameter and this was later substantia- 
ted by Joppa et al. (1971) and Taliaferro et al. (1973). 
In this respect the work of Johnson et al. (1968) has been 
the. subject ,of a criticism. They were interested in 
comparing the general stability of hard red winter wheat 
over a number of environments, and in doing so, have left 
out environments where diseases, winter-kill, and other 
known specific factors which might cause large deviation 
from regression. In the present study, specific instabi- 
lity (as measured by deviation mean squares) was the sole 
criterion for eliminating a number of genotypes that were 
generally stable (regression coefficients close to one) and 
of above average performance. Since the deviation mean 
squares for these Fis were large and significant, they 


could not be considered stable in the true sense. 


The concept of selecting for a stable cultivar for use 
Over a wider range of environments is not new, although 
Ehe technique ,for its evaluation was developed only 
recently. The preferred use of double cross hybrids in 
corn over single cross hybrids is largely the outcome of 
its relatively more stable nature (Sprague and Federer, 
1951). -In alfalfa a possible method of selecting for 


Stable genotypes would be to identify a number of stable 
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single crosses, and use them as a source of genetic 
material to form a synthetic pepuarst ton : Such a population 
would have stability similar to the double cross hybrids. 
Although this program appears fairly easy, the choice of 
Suitable materials is difficult. This is because the 

most stable genotypes are seldom the best for a given 
location. Results from this study showed that the six 

Fis that were considered stable were not among those high 
in SCA effects for forage yield. The value of the stability 
technique could only be appreciated when a large number | 
of environments are involved. Under such conditions, the 
most practical way to select for a superior genotype would 
be its average performance, regression coefficients and 
deviation from the regression line. In this respect, the 
selection for a high yielding genotype on the basis of 

high SCA effects over each.and every environment becomes 


impractical. 


it is clear that both the ‘stebility and SCA techniques 
identify different genetic materials. The value of each 
technique depends on the objective. In this experiment, 
where only a limited number of environments were involved, ’ 


the value of SCA should be emphasized. 


(7) General discusston. In Western Canada, an 
important consideration in most alfalfa breeding programs 
is the selection of genotypes from which cultivars could 


be developed with good winter survival, disease resistance 
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and forage yield. Very often such a combination is difficult 
tor obtain. "= The antagonistic nature of survival charac- 
teristics and forage yield generally imposed a barrier 
towards producing a higher yielding cultivar. In the 
main, plant breeders have placed emphasis on the use of 
Medicago faleata L. as a parent in their search for 
winterhardiness. Such a priority often excludes the 

use of materials that are of good forage yield potential 
but of 1ittle value in winter Sua and disease 
resistance. Further, the use of Medi cagoeraleata t., 
whose lack of forage yield is well known, has also 
limited yields. Because most cultivars produced for the 
dryland conditions in Western Canada have been developed 
in this manner, there is a need to investigate whether 
forage yields have peer Limited by the use of such a 
Narrow range of. genetic Material: To-do this, it is 
necessary to introduce a wider ance of materials and 


CGSt som therr combining dpi idties. 


Since random selections from cultivars produced in 
Western Canada gave progenies that were good in spring 
vigor, frost tolerance, winter survival and forage ea 
it could be concluded that such cultivars have not been 
narrowly selected. This would also indicate that these 
cultivars are sufficiently winterhardy and could be used 
asd SOULCeL OL Genetic marertal tor furiner yield advance. 


The results from the experimental synthetic populations 
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Shows that producing new cultivars by selecting from these 


materials is possible. 


An important character that needs improvement among 
the cultivars in Western Canada is fall Vigor. Tite no 
doubt, results from the selection for winter survival, and 
is related to the use of Medicago falcata L. There exists 
an association between good spring vigor, better winter 
Survival, frost tolerance and poor fall WEgoOrs., such an 
association was not due to genetic linkage or pleiotrophy, 
but was the result of selection. From the three diallel 
cross populations, there were a number of Fis that combine 
good fall vigor with good winter survival, frost tolerance 
and a high yield. Further, a Limited number of Fis were 
also found that showed good fall vigor as well as good 
Spring vigor. Therefore, a selection program that includes 
such Fis would produce useful genetic stocks which could 


be used to form cultivars suitable for the growing 


condiltions® Pi CentraimaAlbertay 


Sriwatanapongse and Wilsie (1968) reported heterosis 
in certain inter-varietal crosses between Medicago sativa 
L. and Medicago falcata L. They also showed that such 
inter-varietal crosses were higher yielding than intra- 
varietal crosses. The present study also indicated a 
Similar trend. Of the eleven Fis that were high yielding 
(as identified by their high SCA effects over the environ- 


ments) a number of these were the result of crossing the 
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materials of the Flemish type ('Alfa', 'Du Puts. 
'U67/126' and 'Bendelebener') with the standard type 
('Rambler', 'Roamer', iyeeeila: and 'Narrangansett'). 
Although a high yielding BP 6 a experimental synthetic 
has been developed with materials from the standard ee 
(i.e.. clone 4 x clone 7) higher yielding two-clone 
synthetic eee newe been produced with the use of inter- 


varietal crossings. 


The techniques of combining ability and stability have 
been compared with the same set of genetic materials in 
this study. Although both methods fulfill different 
objectives, there was indication that GCA and general 
Stability identified the same genetic materials. It is 
apparent. that Jin as far as additive gene action is 
appreciable, both GCA and general stability methods 
fulfill the same purpose. However, where the performance 
of an Fi is largely determined by the non-additive gene 
action, the SCA and specific stability techniques seek out 
different genetic materials. In a case such as this, a 
plant breeder should be well advised to define the environ- 
ments for which a cultivar could be produced. Where 
differences between environments are small, the SCA 
estimates could be used with advantage to select for 
genotypes that exhibit heterosis. However, where environ- 
mental differences are large, the specific Stain aey. 
method would be effective in identifying superior stable 


genetic materials. 
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VI. SUMMARY AND. CONCLUSIONS 


i. The combining ability of the randomly selected clones 
was Similar to theperformance of cultivars from which they 
were selected. This aspect was demonstrated for forage 
yield, spring vigor, frost tolerance, winter survival, 
growth habit and leaflet area. The Superior combining 
ability of forage yield, vigor and winter survival from 
clones selected from cultivars bred for use in Western 
Canada indicated that past selection has been effective 


in relation to their adaptation. 


2. For most characters the genetic variability observed 
was of the additive gene type. In the case where the 
ratios of GCA to SCA were areas changes to the characters 
could be made through selection. Generally, growth habit, 
Spring vigor, fall vigor and frost tolerance were the most 


useful predictors of forage yield. 


3.  Regrouping of characters could be obtained in the Fis 
showing that the close genetic associations of vigor, yield, 
growth habit, winter survival and frost tolerance might not 
be the result of linkage and pleiotrophy, but was the 
result of selection. Such new combinations of characters 
(e.g. good spring and fall vigor, or good fall vigor and 


frost tolerance) would be useful as a source of genetic 


material for selection. 


4. Both leaflet area and specific leaf weight were heritable 
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and could be changed by selection. However, little 
importance could be attached to these characters since 
they did not appear to be limiting factors for forage 


yield. 


5. Because random selections from the cultivars produced 
under the dryland conditions in Western Canada combined 
very well for winter survival, spring vigor, frost 
tolerance and forage yield, it could be concluded that 


these materials are of potential value for yield advance. 


6. Experimental synthetics, sélected from clones on the 
basis of combining abilities, would be useful as future 


Cultivars for Central Alberta. 


7. There were eleven Fis that showed high SCA effects 
for most environments studied. Some of these Fis were 
derived from genetic materials of the Flemish Eypes( Alta’) 


SDURPUDLES tun U6iAlaGteand "Bendelebener'). Their use for 


two~-~clone experimental synthetics could also be considered. 


8. Both parameters for measuring stability, namely b and 
Sa are useful in identifying a stable genotype. Generally 
the statistic b was more useful in picking out stable geno- 
types, while S. would be useful for eliminating certain 


Fis that were less stable. 


9. GCA-and general stability studies identified the same 


set of parental clonés. However, the Fis from SCA and 
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Specific stability studies were different. It was thus 
‘concluded that the SCA method would be more useful when 
the differences between environments were small. Where 
environmental differences were appreciable, the specific 


Stability method might be more useful. 
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VII. APPENDIX 


DATA FROM 7 X 7 DIALLE 
__(MEAN_ VALUES OF 16 


L CROSS POPULATION 
_PLANT SS)” 


Table I-1, Forage yield ~" Greenhouse” (£971/72) 


———- 


Female maie 

Parents 1 2 3 A 
al, = OR2 4,4 8. 
2 A A) - Sez 8 
3 6.4 4.9 ~ Bs 
a 8.5 7.9 6.6.5 - 
5 by 4.06 6.8 6. 
6 eS) Oats 6.9 €. 
7 9.0 See O on 
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Table 1-2. Forage yield -. July 


2 76 54 6] 
fe) = 96 66 
81 56 = 85 
82 69 73 = 
62 49 36 Tn 
85 84 84 TS 
85 83 87 85 


Grams/plant 


joel fe El igh je 


5 6 
z 3.5 Site 
1 6.6 is3 
6 6.8 e.§ 
Ta2 6.4 
8 ee Le 
8 hak = 
i Leo GS” 


66 62 
de 68 
78 Poe 
83 85 
- 70 
72 = 
78 74 
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Table I-3. Forage yield - July, 1973 - Grams/plant 


Forage yield -— September, 1973 


£55 


E17 
U2] 
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Table I-5. Forage yield - July, 1974 - Grams/plant 


male (Gl 2 Sim wes 
Bie lh a ee 


Parents ak 2 3 4 5 6 7 


Female 


ah = 136 266 344 300 oN ae 260 
2 195 = 254 DSi: 25 306 596 
3 318 550 = 228 548 444 346 
4 228 548 445 - 454 468 485 
5 303 362 520 481 = 413 S13 
6 390 381 406 457 489 = 547 
7 334 Dit 287 425 B99 559 = 
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Table I-7. 
Female 
Parents al 


1 = 
2 36 
3 92 
4 76 
> 66 
6 124 
y 106 
7 is 

Ms 32 
3 60 
4 36 
5 62 
6 59 


Forage yield - July, 1974 (Parkland) ~ Grams/plant 
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28 


V3 


68 


192 


64 


70 


100 
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Table I-8. Forage yield - September, 1974 (Parkland) 
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380 


7D 
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70 


85 
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Table I-9, Forage yield - July, 1974 (Ellerslie) - Grams/plant 


Female os lok 

Peete i 2 3 4 5 6 2 
- - 68 158 186 BAZ 190 192 
2 58 = 171 179 232 180 245 
3 174 163 = 230 178 196 210 
4 224 175 224 ~ 245 251 232 
5 162 126 176 251 - 186 230 
6 2 oe 182 192 oon 196 = 220 
7 174 221 214 230 228 248 - 


Table I-10. Forage yield - September, 1974 (Ellerslie) 


Ki - 48 152 156 4151 158 142 
o 42 = 148 178 462 168 ale 72 
3 142 136 os 140 100 160 izs 
4 146 Aa 144 = 141 148 132 
5 155 172 150 161 - 146 120 
6 Lae 170 130 Ika 166 = 180 
7 150 140 140 126 180 154 = 
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Table I-11. Winter survival - 1972/74 (out of 16 plants) 


Female male Praicee mt s 


Parents 1 Zz 3 4 5 6 7 
dl - 8 10 14 14 10 LS 
2 12 = 16 16 16 16 L5 
3 LS 16 - 16 16 16 16 
4 16 16 16 - 16 igs) 16 
5 12 16 16 16 - 16 1S) 
6 14 16 16 16 16 = 16 
7 14 tS Loy 16 16 16 - 
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Table ©£-13. Vigor - July, 1973 - (9 = good, 1 = poor) 


male Dice eCmnmwcas 
Female 


7 - 4.8 Be 5 5.7 Bo 4.9 
> 4.0 - 5.3 6.4 6.1 5.5 6.6 
3 4.9 5.2 - 6.7 6.3 6.8 6.1 
4 ; 6.4 : - 6.2 6.7 wy 
5 4.6 6.8 6.9 7e2 - 6.9 6. 

6 9 6. .0 7.0 nee - 6.5 
7 4.9 5.7 : ee Tes he - 
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Table I-15- Frost-tolerance - September, LO 25 (9 = good, 1 = poor) 


Female Meaee Deane eunet es 


Parents i 2 3 4 5 6 7 


1 = Sa2 4.9 4.8 Sr 4.8 sy i 
2 Sats = Diol) bw ye) ee 5.4 
3 5.3 4.9 = Sac 5.4 5.4 She 
4 Brett 5.3 Biot = ay OS Cet 
5 4.9 5.4 Det Baal = See Spe} 
6 Dal Sel Sees: Dieta Seo = G.L 
7 530 Dae 5.5 Sie Se Dig ~ 
Taber L-N6. Eros tolerance - September, 1973 

1 a Lene.) FeO Tee ee 6.6 les 
2 6.6 = UA? tee Cie 6.3 Wee 
3 -6 ess - 8.6 Sik Sa 

4 TO tell Sas = 8.6 1) 8.8 
5 - IE, VAS tS) - Das Dat, 
6 ‘ One Tie (E97) ae - Sirs 
7 6.9 es Uae) 33,9 8.1 8.4 - 


Table I-17. Growth habit - July, 1972 ( 9 


erect, 1 = prostrate) 
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Female male jo) 2) ie inh 28 

Pore i i 3 4 5 6 7 
1 bf 7.8 76 709 8.0 8.0 Tas 
g 8.0 - 8.4 Teal Was SA 6.7 
3 7.6 Hes — 6.0 B68 Ay) 5A: 
4 WAL Wale) (DAZ - SyGie: 6.5 Saal 
5 8.0 (Ge Al dee 6.6 = 7.4 6.6 
6 Ses: Sil: 6.8 Gia eS - 4.6 
7 8.1 Vad Sens 4.8 6.4 On - 

Table I-18. Growth habit - July, 1973 ( ratio of height: width) 
1 s 4.2 4.7 a5 ae 4.9 4,2 
2 AEG 2 3.9 a5 4.0 ny) ong 
3 4.1 4.0 = S52 SiS 307) Bete: 
4 3.4 258 PRG) = PREIS) S70) BS 
5 4.3 323 208) 2.9 ~ Srl 229 
6 3.8 4.0 Sigal Ball Bek - 226 
- 4.2 S36 353 2.4 PRESS 2S) = 
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Table I-19. Plant height-Greenhouse - cms. 


Female 


Parents i 


ls = 

2 68.59 
3 64.4 
4 63.4 
5 5oed 
6 69.8 
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a 


male 
2 3 
633.5 53. 
- 66.5 
58.8 - 
Ee tS, 5a. 4 
50.10 Sis ts! 
638:.0 7 gS} 
60.3 SUAS 


54.0 
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Table 1-20. Plant-height - July, 1972 - cms. 


Female male j) Syate Sp soya 

Parents i 2 8 4 5 6 7, 
1 = 47.5 43.0 358 44.5 395.5 2758 
2 SOS = 5333 44.5 50.0 49.8 45.8 
3 47.0 LVS: = 49.5 47.8 54.8 ASS 
4 43.3 4335 43.8 = 44.0 44.8 43.5 
5 42.8 40.0 47.0 41.0 = 44.3 ATES 
6 47.0 48.0 47.5 40.8 44.3 = 42.3 
i 45.8 43.3 50.0 43.3 48.3 45.5 - 


SOY Gh aS Gs Ne 


=! 45.0 34.0 45.5 54.0 36.8 45.3 
44.8 = SiS 36.5 55.0 Ses 58.8 
48.3 47.8 <= 6r55 56.3 66.5 5138 
52.0 61.0 60.0 = 49.3 6L55 56.8 
38.3 5o5 3 59 ao e153 = 58.3 5S Pa 
47.8 56.8 57.8 62.3 63.8 = 54.8 
46.0 52.8 49.0 5730 62.0 66.5 = 


! 
) * ae ae ee 
e¢ia*a2 64 eS) ae 
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2) Po a et auhe =, 2t 0,88 
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Table I-22. Days to flower (lst flower) - July, 1972 - from lst June 
Female male 1) Gy se 2B FES 
Parents a 2 3 4 5) 6 7 


a} - 38.3 47.8 42.3 43.5 50.5 46.8 
2 33.0 - 45.3 48.5 47.8 48.5 51.5 
3 41.8 AS - 49.3 52.8 5348 54.5 
4 46.8 5110 5573 - 52.3 54.8 53.8 
5 43.5 58.5 53.8 Coe - 53.5 53.25 
6 47.0 49.0 OE 58.3 52.3 - 56.3 
7 yee) 5 8 53.3 52.0 S923 54.3 ~ 


Table I-23. Days to flowers (10th flower) ~ July, 1972 


—_—_—_——- tS 


1 - Bes 58.3 54.3 55.0 59.5 57.5 
2 49.8 - Boos 57.5 55.5 56.8 60.0 
3 55.5 58.3 - 57.30 60.5 58.3 63.3 
4 56.5 58.0 63.5 ~ 58.0 60.3 62.0 
5 55.3 64.5 59.8 59.5 - 59.8 60.3 
6 58.0 575 56.8 62.8 58.3 ~ 61.0 
7 52,0 57.5 59.8 60.3 59.5 59.0 - 


142 


Table I-24. Days to flower (lst flower) - July, 1973 - from 1st June 


Female male joy tae (2) gol eS 

Parents 1 2 3 4 5 6 7 
ali os 40.5 44.5 34.5 B453 36.0 Bsn (8 
2 40.8 = 40.5 3550 Sos 3/53) 3258 
3 SOR 40.8 = 34.5 32.8 34.8 Sieh5 6) 
4 3275 S6n0 34.0 = 3335.0 B95 S570 
5 36.10 3358 BSi55 DE\eS) = 30.8 35)..0 
6 8650 Ssr0 B33 36.0 290 = 34.5 
7 32.413 37.0 B65 SiS 8255 80,5 - 


Table I-25- Days to flower (10th flower) -- July, 1973 


= 45.3 49.3 42.7 40.5 45.5 44.0 
47.0 = 44.5 43.0 44.5 44.8 41.5 
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Table I-26. Leaflet area (stage I) - August, 1973 - on 


male DRawancuneties 


Female 

Parents 1 D 3 4 5 6 7 
af - 2.8 SP 5 DS) Dies 1.9 
2 POE R - Den nite 33 2.5 1.9 DS) 
3 Daa 23 - 1.6 De? ney ayes) 
4 Derk 1.9 1.8 - 18 1.6 1.6 
5 Oe4 oe. DMA aes - 270 .9 
6 Diss 1.9 Peel 1.9 PIE - 1.9 
7 Oe2 17S Ere 1.9 E38 1.6 - 


ay - E28 Loe AIR: Ae) Ls 1.4 
2 LS 4 = 2.6 1.4 Nee) LA 1.4 
3 a Zen = eS De? Lae Aes 
4 1.4 eae i6 = IP 8: 1.4 1.4 
5 ee? La5 2.0 128 = 1.6 1.4 
6 155 1.4 1.6 1.8 Lao = Lay 
7 too 186 Lay be5 ay) 1.4 = 
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Table I-28. Specific leaf-weight (stage I) - mg oe 


_-_oOOOO Te. 


Female male jo) Gl Ge Sik Tes 
Parents jj 2 3 4 5, ae 6 7 
iT - 4.5 4. Se 4.1 3.26 326 
2 4.2 = 4.0 Ba Baie Sie 4.3 
3 Sekt : _ 3.6 4.1 Si Sins) 
4 Sin) 4.0 355 = 349 Sie Saul 
5 325 355 bes U/ ices) - 3.4 4.1 
6 4.0 338 Sia 3.4 S68) = Shae! 
7 4.0 3.6 3.8 Sse AL a.8 - 


Table I-29. Specific leaf-weight (stage IT) 


1 = 4.3 4.0 B08 2) ) ae 
2 4.0 z : 307 3.9 4.1 ak 
3 3.5 3.4 a one 3.9 ae 3.5 
4 3.5 3.8 4. 2 4.0 aes eUE 
5 3.4 a8 4.0 3.5 ZS a7 4.0 
6 363 4.0 one BiG a5 : 3.5 
7 BEG 3.5 3.8 3.8 se gs = 
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DATA FROM 5 X 5 DIALLEL CROSS POPULATION 
(MEAN VALUES OF 16 PLANTS) 


Table ilI~1. Forage yield = July, 1972 = Grams/plant 


Female male Dae ent s 
Parents 1 7 8 9 10 
1 - 65 81 62 85 
Ui 66 = Si, 68 74 
8 83 35 a 49 66 
9 66 84 52 = Ad, 
10 49 §2 71 ads = 


uf = le 148 fe 388 
7 Pare f = 307 i85 224: 
S) 154 362 = 380 Tel 
9 83 262 Sal = £3 
10 384 133 216 Amero) = 


ai = 86 149 114 ae 
7 160 - Le 5 LUA BG) 140 
8 153 125 = AES, 80 
© iabil 5S Zak = 103 


10 242 135 189 101 - 


meade air 


Table II-4. 
Female 
Parents us 
1 = 
7 S23 
8 178 
9 279 
10 399 
Table II-5. 
} 2 
7 50 
8 53 
2] 92 
10 74 
Table II-6. 
a = 
7 158 
8 180 
9 120 
10 170 


a ae nr A a 


7 8 
301 2] 

= 657 
586 - 
35°57 403 
405 400 


72 54 
= 109 
67 = 

59 65 
68 93 


207 Lg 
= 244 

230 = 
143 134 


Forage yield - July, 1974 - Grams/plant 


Miers 


Forage yield - September, 1974 
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Table II-7. Forage yield - September, 1974 (Parkland) - Grams/plant 
ihe fe ee male p pom en 
Female 
Parents 1 7 8 9 

1 = 81 85 70 

7 aa = 63 55 

8 70 70 ~ 7, 

9 60 79 40 = 
10 60 50 60 48 
Table II-8. Forage yield - July, 1974 (Ellerslie) 
i = as ies 171 

7 230 - 362 206 

8 182 350 - 195 

) 205 173 240 - 
10 165 290 220 220 
Table II-9. Forage yield - September, 1974 (Ellerslie) 
a - 140 104 136 

7 139 - 144 122 

8 110 182 - 129 

9 174 101 163 = 

10 140 140 163 160 
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Table II-10- 
Female 
Parents 1 
1 = 
7 9 
8 £3 
9 2 
10 5 


OG of JH 


10 
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Table II-1ll- Vigor - July, 1972 


Winter survival - 1972/74 (out of 16 plants) 
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Table II-13, Vigor - September, 1973 ( 9 = good, 1 = poor) 


male iS) GY ie @ igh 1s 


Female 

Parents ils u 8 9 10 
1 ~ 29 8.0 8.7 8. 
u : ~ : aye) : 
8 Sree 6.8 - Wed ES 
9 2 We Va = 8.0 
10 8.0 Tie lest] Wot ~ 


1 + eel 5.0 4.9 
7 5. - 5.6 ; 5.1 
8 4.9 : - : 4.8 
9 Be Ss 5.8 - : 
10 4.8 "S38 5.2 5.2 - 


Table II-15. Frost tolerance - September, 1973 


1 - tr 6.9 : 6.9 
7 a - 8.2 0 é 
8 2 8.3 - ~ an: 
) ; 7.6 7.8 - : 
10 6.1 [1 7-6 720 yids - 


om 


neat ets remnenteaminittnspattany omic 
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Table II-16. Growth habit - July, 1972 (9 = erect, 1 = prostrate) 


Female male Deamonennmins 

Parents A ii 8 9 10 
uy! = Use 6.9 UAC} Sa 
7 . om . e 3} e 
8 c 4.9 = TBs Sell 
9 e 6 e 3 6 e i = e 
10 See 6.7 Yok Uo = 


1 nad Dior: 4.6 SEL! 4.6 
7 325 = 25 5 3.4 
8 4.0 a0 - 4.0 : 

9 3.4 ° 3.3 = 4.0 
10 5a 326 3.5 4.8 - 

Table II-18. Plant height - July, 1972 - cms. 

ip - 40.3 48.5 44.0 49.8 
7 43.8 - 45.3 48.0 47.0 
8 48.5 44.5 = 49.8 46.0 
9 46.8 47.8 47.3 = 48.5 
10 49.8 49.0 45.0 48.8 = 
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Table If-19- Plant height - July, Loi) =" cms. 


A a a a a nn a gnats 


Female male bea ren tis 

Parents ol 7 8 iy, 10 
a: = B55 40.3 Sabes Sins 
7 48.8 - Sikes 87) 5 46.0 
8 Sia 5G6n10 - Bons 46.0 
9 30.8 42.3 5S = 49.0 
10 SEK 34.8 44.0 SO = 


Table II-20+ Days to flower (lst flower) - July, 1972 - lst June 


1 = 54.5 ASS 49.0 42.8 

7} ANS) os) = Baa8) 54.0 5310 

g 40.8 BSS. = 46.8 BYE Ge 

9 43.3 58.5 5223 = DLO 
10 42).3 56.0 5278 5383 = 

Table II-21. Days to flower (10th flower) - July, 1972 - 1st June 

al - 6355 SIG.) S/o) S358 

7 B36 5) = 5onS Gime 60.3 

8 De 63.8 = HOS 58.8 

9 54.5 63).3 60.5 = 62.0 


10 54.0 61.8 poe PS) 62.6 = 
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Table II-22. Days to flower (lst flower) - July, 1973 - lst June 


a i 


Female na le vases ne ta.s 
Parents ZL vi 8 9 10 
. Fa 2603 71.3 33.0 328 
7 40.0 = 32.0 3905 40.0 
8 30.0 31.8 - 37.8 2755 
9 31.8 cw ie 29.5 is 36.0 
10 34.3 38.0 34.8 37.0 . 


Table II-23. Days to flower (10th flower) - July, 1973 - lst June 


uf - 48.8 42.0 46.3 48.0 
if 45.3 = 40.5 43.8 45.3 
8 36.3 39.5 = 46.0 a2.5 
) 46.0 43.0 BS) = 44.0 


10 47.0 46.3 41.5 44.2 = 
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DATA FROM 6 X 6 DIALLEL CROSS POPULATION 
(MEAN VALUES OF 16 PLANTS) 


Table III-l. Forage yield - July, 1972 - Grams/plant 


LS CE neers emnereenreesener 


Male scieahaaiiniieieanaie iene as inn caliaeaeiniadibiaiahaes salami ea aaa 

Parents af 2 4 ibad 12 13 

1 ae 79 70 65 64 64 

2 = 83 74 70 he 

4 ~ 70 65 66 

a oa 69 66 
r2 = 64 
13 os 


Table IIlI-2. .Forage yield - duly, 1973 


“ - 70 192 118 194 146 

2 = 156 136 147 280 

4 = 340 265 198 
a1 = oT: 162 
12 = 120 
D3 ra 


Table III-3. Forage yield - September, 1973 


a. o 54 120 123 357 104 
7 = 131 19 133 150 
4 rs ibey 138 128 
a. = $2 87 
a2 = 110 
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Table III-4. Forage yield - July, 1974 - Grams/plant 


ST Ea Se TS eS an A a ee 


ip Wek Gu GL IES Dash eon ts 


Male a ree eae 
Parents al 2 4 thd 12 ics 
1 - 208 203 360 195 105 
2 = 357 387 355 330 
4 - 306 333 182 
er - 416 182 
BZ - 394 
rs ~ 


Yable IlI-5;.. Porage yield - September, 1974 


A - 70 50 68 58 45 
2 : 71 88 92 62 
4 = 75 64 55 
li - 61 73 
12 - 76 
13 = 


Table IiI-6. Winter survival — 1972/74 (ont of 16 plants) 


1 - 4 6 LL 4 2 
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Table Fil=7. Vigor = swly, 1972 — (9 = good, 2 = poor) 


Female joy th 80 SY inv 1 


Male 

Bemus zi 2 Aniint vel 12 13 
1 = 8.4 7.9 7.6 7a 7.9 
2 = 8.3 7.6 Wee Pee 
4 - Ted fie 73 
i ~ 7.5 719 
12 - 7.6 
13 - 


Table Tii-3. Vigor. =) July, i1973 


al = 2.0 4.9 35.0 4.1 4.0 

2 = ° ° ° 5 
4 = 6.0 5.1 -0 
rT? 3 3. 33 
ile. = Siete] 
13 * 


Table III-9. Vigor - September, 1973 


1 - 8.8 8. 8.3 8.1 9.0 
2 - ; 8.1 8.3 ‘ 
4 - 7.6 : .6 
ll - 6.9 2 
12 - eal 
13 o 
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Table III-10. 


Frost tolerance - September, 1972 


Male 
parent 1 2 4 11 ie 13 
1 - 4.7 4.8 Syl ‘ 33518) 
2 = Oe: De : Dae 
4 = SET > 5.3 
zl =! ° Bik 
12 = 5x0 
Ave] = 
Table III-ll. Frost tolerance - September, 1973 
1 = 6.9 Vent Jinn! : PaO 
9. = cee U5) é 2 
4 - 7.6 5 Ded 
ll — 26 eae 
1D = US 
iS = 
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DATA FROM EXPERIMENTAL SYNTHETIC. ‘POPULATION 
(SUM OF TWO HARVESTS) 


Table IV-1.. Forage) yield - 1974 (Parkland) -- Grams/plant 


a A EE EL A EL A A EN RE RL ST TE TG 


ryan = 4 "| i aod 
Pret eR 1 2 3 4 5 6 7 8 9 10 
5H JOR ela a deco 25.08 2955. Shel. 66060: —32.8> (21.5 
2H SOM SOCCER Ooo) §Sonde e.S 937.5 6820 $26.0 8257, 8 
5L OF Gry 2 Oo eas) lone Aton shy .o 2 E20 420.0." 2000 
Rarnoler OeG6 33.5 26.6 26.4. 23:57 %5.60 3026 29.9 2.0 .2036 
Table IV92. . Forage yield: #yl974 (Ellerslie) 
5H 56.6 58.2. 70,6 “55.6 “70:6. Se.4 61.5 - S154 54.7 53.3 
2H 57.3 59.28 IS6hOwI6G.5 GOLZ 467.7 269.56 66.4. 61-8 (63°56 
5i5 (tape ne) beet Ome Yee SO 90 (CEL SY HS Pant: OO 3 Ss Yast Sw AS Deol Ben 2 6 PR 
Rambler 30-1 (35.8 89724 (4635) 50-4- 650.2 50.9 Age 52.1, 53.9 
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DATA 


Table V-l 


SHOWING 


DIFFERENCES 


BETWEEN 


REPLICATIONS 


Characters in a 7-clone diallel 
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a 


1S ig 8 a CK ay a Ls a eb CS 


Forage yield 


(gm/plant) 


Vigor 
(rating) 


Frost 
Tolerance 
(rating) 


Winter 
SUV dev aul: 


(3) 


Growth 
habit 
(rating) 
Plant 


height 
(cm. ) 


1972 (July) 
1973 (July) 


1973 (Sept) 
1974 (July) 
1974 (Sept) 


1972(Tuly) 


1973 (July) 
1973 (Sept) 


Po 2 (Sept) 
1973 (Sept) 


1972-74 


1972 (duly) 
LOTS ATULY) 


1972 (duly) 
Bos 3 (Jy) 


i 2 3 4 
81 q9 Be 65 
294 273 254 242 
eed 7, 174 176 168 
STs 378 3.76 340 
ype 76 74 oe 
See 720 7.4 71.6 
6.0 Ons 0) ees | 
10) 11.0 Fae oS 
50 5.4 eS 3.2 
726 PAKS) IP EKS) 7.4 
a5 94 96 95 

CER) des Tad 6 
er) 3'. 6 4) 3.6 
46.2 46.1 47.4 41.4 
239 /ira 0) 561.2 Bate dL S One 


Table V-2 


Characters in a 5-clone diallel 


Ree eee ee 


CoA yl OR Nets 


r 2 3 4 

Forage yield Po72 (ouly ) ae 74 70 64 

(om / plant) 1973 (July) a2 aS, 175 166 
1973 (Sept) 132 731 134 128 
1974 (July) 343 344 342 339 
1974 (Sept) Hi 70 70 68 

Vigor 1972 (July) 6.3 6.8 Tel 6.4 

popes See 1973 (July) Gu 6.5 6.5 6.8 
1973 (Sept) 7.8 7.2 9 ow 

Frost 1972 (Sept) 5g 5.1 5.2 5.9 

Tolerance 

(rating) 1973 (Sept) Mise) hee Uhegs) 7.4 

Winter 

Survival 1972-74 80 85 83 88 

(3) 

Growth S77 2CIuly) eral Y RAS: Trae Les 

habit 

(rating) PO73'CIuly) 30 = Bey Ba2 3720 

Plant 1972 (July) Ares AQ) WAS 6 des 

Reso he 1973 (July) 56.6 55. ON 5 5258) “Sueno 


(cm) 
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Table V-3 Characters in a 6-clone diallel 


Her dah 12) oat ak G7 BN a 0) PS 
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I 2 3 4 
Forage yield 1972 (July) 70 as 72 63 
(gm/plant) 
/ 1973 (July) 168 169 162 160 
1973 (Sept) 125 126 120 13 
1974 (July) 295 311 307 301 
1974 (Sept) 69 68 66 62 
Vigor OF 2 Guy ) (Saree 3 
earths) 1973 (July) 6.2 
1973 (Sept) .9 TS 
Frost 
Tolerance DEN CIS) ay zt zoe ar 
(rating) 1973 (Sept) 78 Tid 7.9 736 
Winter 
Survival 1972-74 64 65 66 65 
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